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Peak Retention Time
Analysis {ming)
7.10
7.1
7.12
7.09
7.08
7.10
7.11
743

7.10
7.1

gmmwmm&wm_&

Mean 7.11
Standard
Deviation 0.0136
LCL 7.08
UCL 713

7.20 -

7.45-
740+ — R

7,05
7.00

i i i i i i i i i i
1 2 3 4 5 6 7 8 9 10
- Pgak Retention Time {ming} - LCL - UCL



Patent Application Publication Feb. 6,2014 Sheet 3 of 41 US 2014/0033793 A1

Al
o
&
ay

T — - A

005 010 015 020 025 030 035



Patent Application Publication Feb. 6,2014 Sheet 4 of 41 US 2014/0033793 A1

Vs _
V4
8
=
| { 0 )
W, —
1 W2
V._V
S

12 (W1 +Wo)



Patent Application Publication Feb. 6,2014 Sheet 5 of 41 US 2014/0033793 A1

Initial

e JAVAN

Vary N

Vary o




Patent Application Publication Feb. 6,2014 Sheet 6 of 41 US 2014/0033793 A1

FIG. 6

Inject

— Wy




US 2014/0033793 Al

Feb. 6,2014 Sheet 7 of 41

Patent Application Publication

v l=M

Sajeld yEEE=

31 -om
NAmoeva N

uwnjod peg

Joolul

UuwN|od poos)

+ \\\
|*|I

WbieH
%Y

€0’ l=M

yoslu — —

Sejeld 0128=

mor om
NAE ev =N

L 9ld



US 2014/0033793 Al

Feb. 6,2014 Sheet 8 of 41

Patent Application Publication

‘sulfaq uoljew.oj Jusipeld swi|

g R 7 0
S v p g %0
/ 7
, / ,
.\ \..
\ ..\. ‘/ Of 9AIND
7 K4 JUsIpeIc) Jesur
/ 7
/ 4
> B2
N : N g %001
N\ A @>._._:Go<
TwQ g~ wgz~ WL Trio0g
009 629 015 0692

8 Ol




US 2014/0033793 Al

Feb. 6,2014 Sheet 9 of 41

Patent Application Publication

SaINUI

00'Gl 00'v} 00'€l 00°'cl 00'L} 000k 006 00 001L 009 00G 00 00€ 00¢C 007

N

doo| 1000}
G692

|

SOINUIN

~

I

00°Gl 00'%L 00'€} 00°¢) 00°}1 000 006 008 00"/ 009 00'G 00% 00€ 00 00’

il J)\[(l/\’(\.urf.\t.j

doo| 1oL
G692

6 Old

|

\

nv

nv



US 2014/0033793 Al

Feb. 6,2014 Sheet 10 of 41

Patent Application Publication

005 047 00% 0%t O0¢

sudousydoiAing
auousydoidid
aucusydowoy
SUOBDY

punodwion  esd

SR

Pt e p TS o

|

050

000

R

N WSISAS

S

00°0
200
- 50°0
900

!

Y WSJSAS

|

—

057 00T 091 001
g

- 000
- 200
- 900
900
- 800

Y

v



Patent Application Publication Feb. 6,2014 Sheet 11 of 41 US 2014/0033793 A1

FIG. 10B
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Ve = non column volume of the system
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FIG. 19A
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FIG. 25A
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Acetone Naphthalene Acenaphthene
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Acetone Naphthalene Acenaphthene
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Acetone Naphthalene Acenaphthene
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of Column Outlet Retention Time %RSD  0.670 0.450 0.440
Tubing USP Tailing Factor 1.160 1.080 1.070
(After repairs) USP Plate Count 3220 10980 10438
[<b]
2 2
0203 o = S Airbubble present
2 0103 § 5 g )
] < = <<
0.003 : : . . . . ; :
[<}]
@ o
0.06 - 5 =
0044 2 £ S No Air in system
2 00238 g 8 '
. - (4]
1< = <€
0.00 - A

000 050 100 150 200 250 300 350 4.00
Minutes



Patent Application Publication Feb. 6,2014 Sheet 35 of 41 US 2014/0033793 A1

FIG. 29B
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Acetone Naphthalene Acenaphthens

Retention Time {min) 0.338 1.295 2148
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FIG. 31A
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FIG. 34A
Component Empirical Exact Mass Exact Mass Cfc:)r:(;enn;flr;:ics)n
Formula (as [M+H]*) (as [M+H] ") (ngimL)
Acetaminophen CgHg NOy 152.0712  150.0555 10
Caffeine CgH1gN407  195.0882 15
Sulfaguanidine C7H41gN402S 2150603  213.0446 5
Sulfadimethoxine  C17H14N4045 3110814  309.0658 1
Val-Tyr-Val C1gHogN305 380.2185  378.2029 25
Verapamil Co7H3gN2Oy4 4552910 0.2
Terfenadine C32H41NOy  472.3216 0.2
Leucine-Enkephalin  CogHg37 N5O7 556.2771  554.2615 2.5
Reserpine Cqa3HygN2Og 609.2812 0.6
FIG. 34B
Leucine-Enkephalin - gylfadimethoxine
Acetaminophen \ J
100 sulfaguanidine
N\ Val-Tyr-Val
\, Caffeine
Verapamil
% Reserpine
} Terfenadine

L ,
’ 0.90( 1.10|1.30| 1.50] 1.70{ 1.90 | 2.10| 2.30| 2.50| 2.70| 2.90| 3.10|
1.00 120 140 1.60 1.80 2.00 220 240 260 2.80 3.00 3.0
Time (minutes)
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FIG. 35A
Acetone! Naphthalene | Acenaphthene

Day  |Injection Retention Time
dayi-t| 7 0.33 | 1.63 2.89
dayl-2| 8 0.32 1162 2.86
day1-3{ ¢ 033 | 164 2.89
day2-1| 16 | 032 | 1.64 2.80
day2-2, 17 1032 |1.64 2.80
day2-3i 18 | 032 | 164 2.80
day3d-1| 25 | 032 ) 1.63 2.90
day3d-2| 26 | 033 | 164 2.90
dayd-31 27 1033 1164 2.91
daye-1i{ 34 | 032 | 164 2.88
day6-2| 35 | 032 | 1.64 2.88
dayg-3| 36 | 032 | 1.62 2.86
day/-1| 43 | 032 | 1.62 2.88
day7-¢| 44 | (.32 | 1.6 2.50
day7-31 45 1 032 | 163 2.89

Acstonei Naphthalene | Acenaphihene

Retention Time (minutes)

Mean 0321 1863 2.89

gfgg:;i 000 | 001 | 001

%RSD 058 1 045 0.48

LWL 032 1 162 2.86

UWL 0331 165 2.92

LCL 032 1 1.61 2.85

UCL 0331 1865 2.93
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CHROMATOGRAPHIC SYSTEM QUALITY
CONTROL REFERENCE MATERIALS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to U.S. Pro-
visional Patent Application Ser. No. 61/678,949, filed on Aug.
2, 2012, which is hereby incorporated by reference in its
entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to methods,
kits, and compositions of matter for chromatographic system
quality control.

BACKGROUND OF THE INVENTION

[0003] Chromatography is a valuable tool for chemists,
which has found use in clinical, academic, and industrial
settings. In order to ensure accurate and reproducible results
while conducting research, it is imperative that chromato-
graphic systems are functioning properly. As chromato-
graphic systems become more sophisticated and include
more components, suitability testing of entire chromatogra-
phy systems (e.g. not simply individual parts such as a col-
umn) is important to prevent inaccurate data due to uncali-
brated, miscalibrated, malfunctioning, broken, or worn out
components, as well as drift or improper settings. Examples
of' components found in a chromatography system include the
column, tubing, mobile phase composition, computer hard-
ware, software, injector, pump, in-line filter, guard column,
detector, and temperature control apparatus, as well as com-
binations thereof. Examples of systems that these compo-
nents can be used with include liquid chromatography (LC),
high performance liquid chromatography (HPLC), ultra high
performance liquid chromatography (UHPLC), supercritical
fluid chromatography (SFC), and carbon dioxide based chro-
matography.

SUMMARY OF THE INVENTION

[0004] The invention provides methods for quality control
testing of chromatographic systems (e.g. assessing system
performance and benchmarking chromatographic specifica-
tions for the entire system), as well as compositions for use in
carrying out such tests and instructional guidelines for use
and troubleshooting system issues based on the results. Suit-
ability or quality control can be used to measure whether or
not a chromatographic system is in control (e.g. functioning
according to desired parameters, for example quality control
parameters). For example, the invention provides for a num-
ber of standard reference solutions (e.g. quality control ref-
erence material (“QCRM?”), or in some cases referred to as
suitability standards) that are pre-calibrated to contain precise
concentrations of analytes, and designed to maintain their
integrity over time. For example, when stored properly, the
composition of the reference solutions will not change appre-
ciably over time due to factors such as evaporation, oxidation,
and the like.

[0005] QCRMs are not simply standard solutions for a par-
ticular analyte of interest. QCRMs need not include the ana-
lyte of interest. QCRMs can include multiple compounds,
which can be used to validate, control, and/or troubleshoot a
chromatographic system (i.e., not simply a column or com-
ponent of the system). Use of the suitability standards can
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provide particular information relevant to the entire chro-
matographic system, such as whether the chromatographic
system is suitable, or if there is a need to troubleshoot, and if
s0, how best to carry out the troubleshooting process. Finally,
the standard components are chosen so that they are well-
separated by a chromatographic system, demonstrate good
peak shape in UV and MS analysis, are acceptable for use on
a variety of columns, and so that their behavior and bench-
mark criteria change upon system changes.

[0006] Analyzing a QCRM with a chromatographic system
can provide a standardized assessment of the functionality of
the system over time because the suitability standard is con-
stant over time. By analyzing the suitability standard once or
multiple times, parameters such as peak width, peak area,
retention time, and peak resolution can be measured. More-
over, upper control limits (UCL) and lower control limits
(LCL) and average retention times for the components of the
suitability standard can be calculated. This information can
provide an accurate understanding of the functional status of
the entire chromatography system (e.g. all components of the
system, including hardware and software). If the measured
parameters of a QCRM test do not match expected results, the
data canbe used to diagnose and troubleshoot issues affecting
atleast one part of the entire system. Documents and software
can be included along with the QCRM standards to help
troubleshooting in light of a given negative test result. Fur-
thermore, QCRM tests applied to multiple chromatography
systems within and across locations can give insight into the
standard variability and suitability of multiple chromatogra-
phy systems. These data can allow the comparison of the
working parameters of multiple systems, even in different
locations.

[0007] QCRMSs can be advantageously used to remove
uncertainty. For example, QCRMs can provide a quick and
easy way to understand a chromatographic system’s health.
Uncertainty can be removed through standardized manufac-
turing. For example, QCRMs can be ready-to-use mixes
made in an International Organization for Standardization
(“ISO”) accredited facility (e.g., ISO 9001.15017025 and 150
Guide 34). QCRMs can be pre-formulated for sale and pur-
chased by a user. QCRMs can be used to trend system per-
formance (e.g., control charting, which can provide a power-
ful visual enabling a user to take proactive maintenance
measures) and troubleshooting (e.g., quickly resolve issues
related to hardware, mobile phase, columns, and/or chemis-
tries).

[0008] QCRMs can be advantageously used to maintain
consistency and/or improve the accuracy of analytical sys-
tems and measurements through use of precisely formulated
standards. For example, using a single source for QCRMs can
open the doors for intra- and inter-lab comparisons, which are
necessary in a global market. Standardizing performance test-
ing can enable a user to: reduce variability (e.g., integrating
certified products means less re-work, reduced paperwork,
and improved data acceptance) and minimize user time spent
on routine activities (e.g., no more daily mixing and formu-
lating standards, increasing time for scientific problem solv-
ing).

[0009] QCRMs can be advantageously used to maintain
system control. For example, QCRMs can range from less
complex neutrals mixtures to more complex application-spe-
cific standards (e.g., reversed phase and LCMS QCRM), and
can be used for an impressive number of performance tests.
Compounds in QCRMs can be vigorously evaluated and cho-
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sen to provide one or more of the following advantages:
compatibility for use on a variety of columns, with good peak
shape in UV and MS; ability to assess hardware, software,
mobile phase, and/or column and chemistry issues; compat-
ibility with a wide variety of systems and methods.

[0010] QCRMs can be advantageously used to simplify and
reproducibly manage the accuracy of chromatographic
results, leading to increased productivity by reducing repeat
runs and/or improved compliance across different (e.g., glo-
bal) sites.

[0011] The invention provides method for chromato-
graphic analysis comprising: obtaining a chromatogram from
a reference material using a chromatographic system,
wherein the reference material comprises a standardized for-
mulation of two or more compounds that can be used for
benchmarking and troubleshooting the chromatographic sys-
tem; evaluating a difference between the chromatogram and a
benchmark for the reference material on the chromatography
system; and

(1) analyzing a sample potentially comprising an analyte of
interest, wherein the analyte of interest does not comprise any
of the two or more compounds of the standardized formula-
tion, or compounds substantially similar thereto, if the differ-
ence between the chromatogram and the benchmark is within
a predetermined tolerance, or (ii) troubleshooting the chro-
matography system using the chromatogram if the difference
between the chromatogram and the benchmark is not within
the predetermined tolerance.

[0012] In certain embodiments of the invention, the stan-
dardized formulation of two or more compounds comprises
acetone, naphthalene, and acenaphthene. In certain embodi-
ments of the invention, the analyte of interest comprises a
neutral compound.

[0013] In certain embodiments of the invention, the stan-
dardized formulation of two or more compounds comprises
amitriptyline, acenaphthene, naphthalene, dipropyl phtha-
late, butyl paraben, propranolol, and uracil. In certain
embodiments of the invention, the chromatographic system
comprises a reversed phase stationary phase.

[0014] In certain embodiments of the invention, the stan-
dardized formulation of two or more compounds comprises
acetaminophen, caffeine, sulfaguanidine, sulfadimethoxine,
Val-Tyr-Val, zerapamil, terenadine, leucine-enkephalin, and
reserpine. In certain embodiments of the invention, the chro-
matographic system comprises a liquid chromatography-
mass spectroscopy (“LC-MS”) system.

[0015] In certain embodiments of the invention, the stan-
dardized formulation of two or more compounds comprises
diphenhydramine, flavone, and diclofenac. In certain
embodiments of the invention, the chromatographic system
comprises a preparative chromatography system.

[0016] In certain embodiments of the invention, the chro-
matography system comprises a liquid chromatography
(“LC”), high performance liquid chromatography (“HPLC”),
ultra high performance liquid chromatography (“UHPLC”),
supercritical fluid chromatography (“SFC”), or carbon diox-
ide-based chromatography system. In certain embodiments
of'the invention, the protocol for obtaining the chromatogram
from the reference material is different from the protocol for
analyzing the sample. In certain embodiments of the inven-
tion, the system has been calibrated using a calibrator that is
different than the reference material.

[0017] In certain embodiments of the invention, the prede-
termined tolerance is about three standard deviations.
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[0018] The invention also provides chromatographic sys-
tem quality control reference materials (QCRM) comprising:
a standardized formulation having a predetermined concen-
tration of acetone, a predetermined concentration of naphtha-
lene, and a predetermined concentration of acenaphthene,
wherein the standardized formulation is adapted for bench-
marking and troubleshooting a chromatographic system in
the analysis of a sample potentially comprising an analyte of
interest, and wherein the analyte of interest does not comprise
any acetone, napthaline, acenaphthene, or compounds sub-
stantially similar thereto.

[0019] In certain embodiments of the QCRM of the inven-
tion, the predetermined concentration of acetone is about 10
pul/mL; the predetermined concentration of naphthalene is
about 25 pg/ml.; and the predetermined concentration of
acenaphthene is about 0.40 ug/mlL..

[0020] The invention also provides chromatographic sys-
tem quality control reference material comprising: a stan-
dardized formulation having a predetermined concentration
of amitriptyline, a predetermined concentration of acenaph-
thene, a predetermined concentration of naphthalene, a pre-
determined concentration of dipropyl phthalate, a predeter-
mined concentration of butyl paraben, a predetermined
concentration of propranolol, and a predetermined concen-
tration of uracil, wherein the standardized formulation is
adapted for benchmarking and troubleshooting a chromato-
graphic system in the analysis of a sample potentially com-
prising an analyte of interest, wherein the analyte of interest
does not comprise any amitriptyline, acenaphthene, naphtha-
lene, dipropyl phthalate, butyl paraben, propranolol, uracil, or
compounds substantially similar thereto.

[0021] In certain embodiments of the QCRM of the inven-
tion, the predetermined concentration of amitriptyline is
about 100 pg/ml; the predetermined concentration of
acenaphthene is about 200 ug/mL; the predetermined concen-
tration of naphthalene is about 60 pg/mL; the predetermined
concentration of dipropyl phthalate is about 340 pg/ml; the
predetermined concentration of butyl paraben is about 20
ng/ml; the predetermined concentration of propranolol is
about 400 pug/ml.; and the predetermined concentration of
uracil is about 16 pg/ml.

[0022] The invention further provides chromatographic
system quality control reference material comprising: a stan-
dardized formulation having a predetermined concentration
of'acetaminophen, a predetermined concentration of caffeine,
a predetermined concentration of sulfaguanidine, a predeter-
mined concentration of sulfadimethoxine, a predetermined
concentration of Val-Tyr-Val, a predetermined concentration
of zerapamil, a predetermined concentration of terenadine, a
predetermined concentration of leucine-enkephalin, and a
predetermined concentration of reserpine, wherein the stan-
dardized formulation is adapted for benchmarking and
troubleshooting a chromatographic system in the analysis of
a sample potentially comprising an analyte of interest,
wherein the analyte of interest does not comprise any
acetaminophen, caffeine, sulfaguanidine, sulfadimethoxine,
Val-Tyr-Val, zerapamil, terenadine, leucine-enkephalin,
reserpine, or compounds substantially similar thereto.
[0023] In certain embodiments of the QCRM of the inven-
tion, the predetermined concentration of acetaminophen is
about 10 ug/ml; the predetermined concentration of caffeine
is about 1.5 pg/ml.; the predetermined concentration of sul-
faguanidine is about 5 pg/ml; the predetermined concentra-
tion of sulfadimethoxine is about 1 pg/ml.; the predetermined
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concentration of Val-Tyr-Val is about 2.5 pg/ml.; the prede-
termined concentration of zerapamil is about 0.2 pg/ml.; the
predetermined concentration of terenadine is about 0.2
ng/mL; the predetermined concentration of leucine-enkepha-
lin is about 2.5 pg/ml.; and the predetermined concentration
of reserpine is about 0.6 pg/ml..

[0024] The invention also provides chromatographic sys-
tem quality control reference material comprising: a stan-
dardized formulation having a predetermined concentration
of diphenhydramine, a predetermined concentration of fla-
vone, and a predetermined concentration of diclofenac,
wherein the standardized formulation is adapted for bench-
marking and troubleshooting a chromatographic system in
the analysis of a sample potentially comprising an analyte of
interest, wherein the analyte of interest does not comprise any
diphenhydramine, flavone, diclofenac, or compounds sub-
stantially similar thereto.

[0025] In certain embodiments of the QCRM of the inven-
tion, the predetermined concentration of diphenhydramine is
about 5 mg/mL; the predetermined concentration of flavone is
about 5 mg/ml; and the predetermined concentration of
diclofenac is about 5 mg/mlL..

[0026] The invention further provides kits including the
QCRM ofthe invention optionally further containing instruc-
tions for use.

[0027] A flow-chart representation of one embodiment of
the invention is shown in flowchart 100 in FIG. 1.

[0028] As shown in FIG. 1, the invention provides for ana-
lyzing and using a standard mix and troubleshooting guide to
benchmark a chromatographic system. Based on the result of
the benchmark, a chromatography system is either identified
as being in control or out of control. If the chromatography
system is in control, the results of the benchmark analysis are
recorded and trended, and planned assays may be carried out.
Ifthe chromatography system is found to be out of control, the
use and troubleshooting guide is consulted to resolve the
issue. Once the issue is resolved, the results of the benchmark
analysis are recorded and trended, and planned assays may be
carried out.

[0029] The invention can provide an all-in one solution for
benchmarking a chromatography system and troubleshooting
problems. The invention provides new compositions and
methods for compilation of information to expand the ability
to troubleshoot chromatographic problems. The invention
provides a solution to the uncertainty of a chromatographic
system’s ability to perform by confirming or denying the
system’s capability. If the system is not capable, the invention
provides troubleshooting information to resolve the issue.
Instead of assessing one component of a chromatography
system such as the column, the invention provides the ability
to trend data and benchmark specifications across multiple
entire systems at multiple sites, as well as establish system
process capabilities. The invention provides for assessment of
a chromatographic system’s capability and resolution of
issues to bring the system back in control. The invention
further provides for teaching, training, and certifying users of
chromatographic systems. Further advantages of the inven-
tion are confidence in results that come from use of a precisely
formulated standard, which can save time and reduces repeat
runs and allows confidence in results. Saving time can allow
for personnel to be shifted to more complex tasks, thus
increasing productivity. The invention can eliminate guess-
work that comes with sourcing of multiple compounds for
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mix creation, and supports future growth. Finally, the inven-
tion can increase global compliance, ease globalization, and
supports future growth.

[0030] In one aspect, the invention provides a chromatog-
raphy standard comprising a carrier solvent and one or more
organic compounds dissolved in the carrier solvent. The
organic compounds are adapted to enable the standardization
and/or benchmarking of a chromatographic system, as well as
the troubleshooting and/or debugging of a chromatographic
system.

[0031] In embodiments, the invention provides a chroma-
tography standard comprising diclofenac sodium salt,
diphenhydramine hydrochloride, flavone, and an aliquot of
DMSO sufficient to dissolve the diclofenac sodium salt, the
diphenhydramine hydrochloride, and the flavone. In one or
more embodiments, the invention provides a chromatography
standard comprising a solution of uracil, propranolol,
butylparaben, dipropylphthalate, naphthalene, acenaphthene,
and amitriptyline. In one or more embodiments, the invention
provides a chromatography standard comprising naphtha-
lene, acenaphthene, and aliquot of a solvent such as acetoni-
trile/water 50%/50% v/v sufficient to dissolve the naphtha-
lene and the acenaphthene.

[0032] Inanother aspect, the invention provides a chroma-
tography standardization method comprising the steps of pro-
viding to a chromatographic system a reference standard
comprising a carrier solvent and one or more organic com-
pounds dissolved in the carrier solvent, followed by measur-
ing with the chromatography system at least one of the peak
width, peak area, retention time, and peak resolution of the
organic compounds, and then comparing at least one of the
peak width, peak area, retention time, and peak resolution of
the organic compounds to one or more expected values.
Agreement with expected values within acceptable ranges
from previous runs indicates that the chromatography system
is in control and disagreement with the expected values, i.e.,
outside acceptable ranges, from previous runs indicates that
the chromatography system is not in control. In one or more
embodiments, the invention further provides for analyzing a
sample with the chromatography system if the chromatogra-
phy system is in control. In one or more embodiments, the
invention further provides for troubleshooting the chroma-
tography system if the chromatography system is not in con-
trol. In one or more embodiments, the invention further pro-
vides for trending of suitability data across multiple runs. In
one or more embodiments, the invention further provides for
analyzing suitability data across multiple runs. In one or more
embodiments, the invention further provides for training
users of the suitability standards about best practices for use
of the standards.

[0033] Inanother aspect, the invention provides a chroma-
tography standardization method comprising the steps of pro-
viding to a chromatographic system a reference standard
comprising diclofenac sodium salt, diphenhydramine hydro-
chloride, flavone and an amount of DMSO sufficient to dis-
solve the diclofenac sodium salt, diphenhydramine hydro-
chloride, and flavone, followed by measuring with the
chromatography system at least one of the peak width, peak
area, retention time, and peak resolution of the diclofenac
sodium salt, diphenhydramine hydrochloride, and flavone,
and then comparing at least one of the peak width, peak area,
retention time, and peak resolution of the diclofenac sodium
salt, diphenhydramine hydrochloride, and flavone to a range
of'expected values. Agreement with expected values indicates
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that the chromatography system is in control and disagree-
ment with the expected values indicates that the chromatog-
raphy system is not in control. In one or more embodiments,
the invention further provides for analyzing a sample with the
chromatography system if the chromatography system is in
control. In one or more embodiments, the invention further
provides for troubleshooting the chromatography system if
the chromatography system is not in control. In one or more
embodiments, the invention further provides for trending of
suitability data across multiple runs. In one or more embodi-
ments, the invention further provides for analyzing suitability
data across multiple runs. In one or more embodiments, the
invention further provides for training users of the suitability
standards about best practices for use of the standards.

[0034] In another aspect, the invention provides a chroma-
tography standardization method comprising the steps of pro-
viding to a chromatographic system a reference standard
comprising uracil, propranolol, butylparaben, dipropylphtha-
late, naphthalene, acenaphthene, and amitriptyline, followed
by measuring with the chromatography system at least one of
the peak width, peak area, retention time, and peak resolution
of the uracil, propranolol, butylparaben, dipropylphthalate,
naphthalene, acenaphthene, and amitriptyline, and then com-
paring at least one of the peak width, peak area, retention
time, and peak resolution of the uracil, propranolol, butylpa-
raben, dipropylphthalate, naphthalene, acenaphthene, and
amitriptyline to a range of expected values. Agreement with
expected values indicates that the chromatography system is
in control and disagreement with the expected values indi-
cates that the chromatography system is not in control. In one
or more embodiments, the invention further provides for ana-
lyzing a sample with the chromatography system if the chro-
matography system is in control. In one or more embodi-
ments, the invention further provides for troubleshooting the
chromatography system if the chromatography system is not
in control. In one or more embodiments, the invention further
provides for trending of QCRM data across multiple runs. In
one or more embodiments, the invention further provides for
analyzing QCRM data across multiple runs. In one or more
embodiments, the invention further provides for training
users of the QCRM standards about best practices for use of
the standards.

[0035] In another aspect, the invention provides a chroma-
tography standardization method comprising the steps of pro-
viding to a chromatographic system a reference standard
comprising naphthalene, acenaphthene and an amount of
acetone to serve as a void marker, wherein the naphthalene,
acenaphthene, and acetone are dissolved in the 50:50 water:
acetonitrile, followed by measuring with the chromatography
system at least one of the peak width, peak area, retention
time, and peak resolution of the naphthalene and acenaph-
thene, and then comparing at least one of the peak width, peak
area, retention time, and peak resolution of the naphthalene
and acenaphthene to a range of expected values. Agreement
with expected values indicates that the chromatography sys-
tem is in control and disagreement with the expected values
indicates that the chromatography system is not in control.

[0036] In one or more embodiments, the invention further
provides analyzing a sample with the chromatography system
if the chromatography system is in control. In one or more
embodiments, the invention further provides for trouble-
shooting the chromatography system if the chromatography
system is not in control. In one or more embodiments, the
invention further provides for trending of suitability data
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across multiple runs. In one or more embodiments, the inven-
tion further provides for analyzing suitability data across
multiple runs. In one or more embodiments, the invention
further provides for training users of the QCRM standards
about best practices for use of the standards.

[0037] In another aspect, the invention provides a kit for
assessing the control of a chromatographic system (i.e., for
determining if the system is in control or not in control. The
kit comprises an organic carrier solvent and one or more
organic compounds dissolved in the carrier solvent, wherein
the organic compounds demonstrate predictable behavior
under chromatographic separation, and instructions for (i)
obtaining a chromatographic signal from the organic solvent
and dissolved organic compounds, (ii) trending the chromato-
graphic signal data across multiple runs, and (iii) comparing
at least one of the peak width, peak area, retention time, and
peak resolution of the organic compounds to a range of
expected values, wherein agreement with expected values
indicates that the chromatography system is in control and
disagreement with the expected values indicates that the chro-
matography system is not in control. In one or more embodi-
ments, the invention provides for analyzing a sample with the
chromatography system if the chromatography system is in
control. In one or more embodiments, the invention provides
for troubleshooting the chromatography system if the chro-
matography system is not in control. In one or more embodi-
ments, the organic solvent comprises DMSO and the organic
compounds comprise diclofenac sodium salt, diphenhy-
dramine hydrochloride, and flavone. In one or more embodi-
ments, the organic compounds comprise uracil, propranolol,
butylparaben, dipropylphthalate, naphthalene, acenaphthene,
and amitriptyline. In one or more embodiments, the standard
is comprised of acetone, naphthalene, acenaphthene, and an
aliquot of acetonitrile/water 50%/50% v/v sufficient to dis-
solve the naphthalene and an acenaphthene.

[0038] Additionally, the invention can provide for a soft-
ware module to analyze bulk data from multiple runs from
one or more systems. The software can streamline the process
of calculating UCLs, LCLs and average retention times for
the components of the QCRM standard. The bulk data from
multiple suitability tests can be collected on a central server.
The server can store and/or analyze data from multiple
sources, for example to allow for a central mediator to aid
individual practitioners with troubleshooting, and/or alert
practitioners of potential problems. Moreover, the invention
can provide for training and certification programs to help
practitioners become proficient with the process of conduct-
ing sQCRM tests on chromatographic systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1 shows a flow chart representing a method of
practicing the invention.

[0040] FIGS. 2A and 2B show (A) a table listing reference
standard retention times and (B) a retention time control chart
plotting the observed retention times demonstrating that all of
the observed times fall between the LCL and UCL.

[0041] FIG. 3 shows a representative chromatograph peak
for calculation of band spread volume.

[0042] FIG. 4 is a schematic showing the variables used for
calculation of resolution and quality of separation.

[0043] FIG. 5 is a schematic showing how variation in
chemical factors alters the shape of the elution curve.

[0044] FIG. 6 is a schematic showing the variables used for
calculation of column selectivity.
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[0045] FIG. 7 shows two chromatographic peaks generated
on a good column and a bad column and calculation of the
number of plates based on the peak measurements.

[0046] FIG. 8 shows variations in delay volume that can
occur as a result of changes in the system used.

[0047] FIG. 9 shows variation in retention time that can
occur as a result of variations in loop length.

[0048] FIGS. 10A-D show (A) chromatographs from Sys-
tem A, which is in control, and System C, which is not in
control. The identities of the peaks are indicated; (B) shows a
schematic showing the variables used for calculation of col-
umn efficiency; (C) shows calculations of column efficiency
based on the peaks in the chromatographs in FIG. 10A; and
(D) shows other equations that can be used to characterize
systems.

[0049] FIG. 11 shows a simplified calculation for a system
not containing a column based on one of the equations in FI1G.
10D. Exemplary calculations of bandspread without a col-
umn based on results obtained from System C in FIG. 10 are
provided.

[0050] FIG. 12 shows the effect of time constant on calcu-
lated bandspreading.

[0051] FIG. 13 shows chromatographs demonstrating the
effects of blocked in-line filters on column pressure and peak
shape.

[0052] FIGS. 14A and 14 B show (A) chromatographs and
(B) a chart demonstrating the effects of the internal diameter
of tubing on bandspread.

[0053] FIG. 15 shows changes in viscosity of organic sol-
vents upon dilution with water throughout a 100% to 0%
gradient.

[0054] FIGS. 16A and 16B show (A) schematics and (B)
photographs of different ferrule structures produced by dif-
ferent vendors and resulting peak shapes from use of different
connectors.

[0055] FIG. 17 shows the effects of larger internal diameter
and shorter column length of a semi-preparative cell as com-
pared to an analytical cell.

[0056] FIGS. 18A and B show (A) three chromatographs
made from the same vial of sample with the same injection
volume with time constants of 0, 1.5, and 2.5, as indicated,
and (B) an overlay of chromatographs demonstrating the
apparent retention time shift that occurs as the detector time
constant is decreased from 0.2 per second to 1.0 per second.
[0057] FIGS. 19A-19E show chromatographs poor peak
shape of (A) aspirin separation which can be observed when
weak acids or bases are run in mobile phases that is near their
pK resulting in tailing that is not a column problem which can
be suggested by results as shown in (B) where a single poorly
shaped peak is observed between well shaped peaks. Poorly
shaped peaks (C-D) and well shaped peaks (E) for caffeine,
aspartame, benzoic acid, and sorbic acid, which are used in
some of the QCRM provided herein are shown.

[0058] FIG. 20 shows example chromatograms obtained
for the neutrals QCRM mixture via UV using an ACQUITY
UPLC® BEH C18, 1.7 um, 2.1x50 mm column (Waters
Technologies Corporation, Milford, Mass.) in buffers with
the indicated pH values.

[0059] FIG. 21 shows an example chromatogram of the
Reversed-Phase QCRM on an ACQUITY UPLC® HSS C18
2.1x50 mm, 1.7 pm column (Waters Technologies Corpora-
tion, Milford, Mass.), held at 30° C. The separation is iso-
cratic using 65:35 Methanol: 20 mM phosphate buffered
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mobile phase at pH 7. The injection volume is 1.5 pl.. The
method uses a flow rate 0/0.25 mL/min and a UV detection
wavelength of 254 nm.

[0060] FIGS. 22A and 22B show (A) an example of the
chromatograms obtained for the preparative chromatography
standard via UV and MS using an XSelect® CSH™ C18, 5
pm, 19x50 mm column (Waters Technologies Corporation,
Milford, Mass.) and (B) typical results of the dye test in which
the three components of the dye mix have been separated and
collected into separate vials labeled 1:16, 1:17 and 1:18 to
1:19.

[0061] FIG. 23 shows preparative chromatography mix of'5
mg/ml each of diclofenac sodium salt, diphenhydramine
hydrochloride, and flavone in DMSO resolved by liquid chro-
matography and the structures of those components.

[0062] FIG. 24 an example chromatograph obtained for the
preparative mix via MS when the method in the above table
using a SunFire™ C18, 5 um, 4.6x100 mm, 0.1% FA column
(Waters Technologies Corporation, Milford, Mass.).

[0063] FIGS. 25A-25C show (A) data gathered during sys-
tem benchmarking using the neutrals QCRM demonstrating a
well operating system with a low retention time % RSD
(n=45), (B) an exemplary chromatographs of separation of
the neutrals QCRM on failing column and a good column,
and (C) a data collected during the use of a failing column and
after replacement of the column (n=9).

[0064] FIGS. 26A and 26B show (A) separation of the
neutrals QCRM comparing a malfunctioning pump with a
minor leak to a normal operating pump and (B) data collected
for a malfunctioning pump with a minor leak and the repaired
pump (0=9).

[0065] FIGS. 27A and 27B show (A) separation of the
neutrals QCRM on a system with a bad check valve and good
check valve and (B) data collected from the system with a bad
check valve and a good check valve (n=9).

[0066] FIGS. 28A and 28B show (A) separation of the
neutrals QCRM with and without proper column connections
and (B) data collected with improper and proper column
connections (n=9).

[0067] FIGS. 29A and 29B show (A) separation of the
neutrals QCRM with and without an air bubble in the system
and (B) data collected with and without an air bubble in the
LC system. The air bubble was removed by priming the
mobile phase pump.

[0068] FIGS. 30A and 30B show (A) the impact of mobile
phase strength on the separation of the neutrals QCRM and
(B) Data collected from the injections of neutrals QCRM with
different mobile phase compositions.

[0069] FIGS. 31A and 31B show (A) system performance
benchmarking data using the neutrals QCRM, showing
highly reproducible retention times demonstrated by low %
RSD (n=45) over five days (120 h) and (B) shows retention
time trending data for the neutrals QCRM over 5 days.
[0070] FIG. 32 shows the USP trailing factor trending data
for the neutrals QCRM over 5 days (120 hours).

[0071] FIG. 33 show the system pressure trend plot of the
neutrals QCRM indicating consistent pressure over time.
[0072] FIGS. 34A and 34B show (A) exemplary compo-
nents for use in the LCMS QCRM mix and (B) a TOF MS
ES+ spectrum of the LCMS QCRM standard using a metha-
nol mobile phase with a SYNAPT® G2-S MS System (Wa-
ters Technologies Corporation, Milford, Mass.) operated in
positive ion mode in high resolution mode.
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[0073] FIGS. 35A-35C show (A) exemplary QCRM reten-
tion time data, (B) example control chart limit calculations for
the QCRM, and (C) retention time control charts for each
component of the QCRM.

DETAILED DESCRIPTION AND EXAMPLES OF
INVENTION

[0074] In order to more fully explain and enable the inven-
tion, the following description provides an introduction
describing in greater detail QCRMs and their uses. The
description also provides information about how to use the
QCRM and chromatographic effects on neutral, acidic, or
basic QCRM components. It also gives information about
performing quality control (QC) measurements. Finally, the
description provides information about general system
troubleshooting, including mobile phase considerations,
pump considerations, injector considerations, connecting
tubing, in-line filter and guard column considerations, detec-
tor considerations, and column considerations.

[0075] Purposes of a QCRM:

[0076] Chromatographic system can be benchmarked with
a suitability standard prior to system usage. QCRM should be
run and compared with a previous benchmark before a critical
assay is run, and after any hardware, column, or mobile phase
changes.

[0077] The QCRM benchmark result can be specific to the
performance of the system it is run on. All chromatographic
systems can have some minor level of variability from run to
run. Acceptable amounts of variability are discussed herein.
Trending of benchmark results over time can provide an
understanding of a system’s typical variability. Trending of
the same QCRM result on multiple systems can provide the
typical variability of those systems. Trending of the same
QCRM result on systems in laboratories in different locations
can provide the typical variability from across locations. Set-
ting specification for QC results of a system, multiple sys-
tems, or between laboratories generally should not be done
without sufficient data trending. Once variability is under-
stood, QCRM results can help determine the capability of a
particular system to provide reliable results.

[0078] Determining QC Criteria:

[0079] Quality Control (QC) criteria can be determined
based on user requirements. As mentioned above, specifica-
tions should not be set until the variability of the system
population is understood. Specifications can help determine
if QCRM results indicate that a system is functioning as
expected, or outside of expectation. Typical criteria can
include one or more of: retention time range or reproducibil-
ity, peak area range or reproducibility, peak tailing range,
peak resolution, and mass accuracy range, sensitivity, or
response.

[0080] What Affects QC Results:

[0081] The goal of aQC specifications and criteria can beto
indicate that a system is functioning as expected or outside of
expectation. Systems comprise many interdependent compo-
nents working together. An issue with any one component can
produce erroneous final results. All components performing
correctly will produce results within an expected variability.
[0082] Some of the components to consider include, but are
not limited to, mobile phase, column, tubing, pumping,
injecting, temperature controlling, detecting, data collection
rate, and integration parameters. Considerations also include,
for example, the reservoir in which the solvent is stored (e.g.,
glass or plastic, covered to prevent contamination with par-
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ticulates or other chemicals), material and state of tubing
(e.g., no kinks or twists, effects of cold flow); filters (free of
blockage); proper solvent preparation including degassing of
solvents, pre-mixing vs. inline mixing of solvents, proper pH
and buffering agents, proper timing of pH measurements
(e.g., before or after addition of organic solvent), consistent
lot usage, and proper column equilibration. Pump consider-
ations include retention precision, which is directly related to
solvent flow; consistent pump flow, as erratic pump flow can
effect peak area; baseline noise, especially when synchroni-
zation with plunger movement can be related to the pump;
and pressure changes that can affect peak size and shape.
Column effects can be a result of age, voids, and channels in
the column. An issue in any one of the components listed
above can affect the QC result. Differences in any of the
components mentioned can result in system to system vari-
ability of results even when each systems’ components are
functioning correctly.

[0083] QC Testing:

[0084] The use of reference standards for QC testing can
allow a user to track important instrument parameters. The
parameters that are important to chromatographic analyses,
e.g., LC, HPLC, UHPLC, SCF, and carbon dioxide based
chromatography analyses, include peak width, peak area,
retention time, and peak resolution. Each of these important
parameters can be tracked and evaluated using control charts.
Theuse of a high quality reference standard allows the analyst
to measure these properties must be designed to provide the
analyst the data to evaluate and track these parameters.
[0085] Quality Control testing can be conducted on a fre-
quent basis for each instrument/analyst combination or
instrument per test method. The data can be collected and
entered into a control chart, such as the chart shown in FIG.
2A, allowing the analyst to evaluate the instrument perfor-
mance. The use of instrument performance control charts is a
staple of analytical chemistry quality control. A common
form of the control charting is to track the analytical results
and statistically analyze the data to a 99% (3 standard devia-
tions) or 95% confidence interval (2 standard deviations)
confidence interval around the mean of the data to establish
upper control limits (UCL) and lower control limits (LCL) as
shown in FIG. 2A. It is understood that, depending on the
system and its uses, other UCL and L.CL can be used includ-
ing, for example, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 standard
deviations, or confidence intervals of 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 99.5%.

[0086] The initial criteria to establish a mean, standard
deviation and control limits involves analyzing a reference
material, typically a minimum of 7 times (e.g., 7,8, 9,01, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, or more times) to establish
an initial estimate of precision and bias. This can provide a
user with sufficient data to be statistically valid. Analyses can
be carried over the course of several days to provide a more
realistic view of' the instrument’s variability. The frequency of
analyzing system can be dependent on the stability of the
analysis and the analytes. Quality of outputs can be analyzed
after maintenance has been performed, a new analyst is
assigned to the instrument, or other changes to the methods
have been made. The below example uses retention time
monitoring to establish a set of control limits for the purpose
of monitoring on-going instrument performance.

[0087] The QCRM reference material was analyzed 10
times yielding the retention times shown in FIG. 2A. The
mean and standard deviation were calculated from the data
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and the UCL and LCL limits were calculated. The control
limits represent a 95% confidence interval for the data. The
control chart in FIG. 2B was then produced to establish that
the instrument retention times are in control.

[0088] The establishment of control limits provides data as
to the current capabilities of the instrumentation. The next
step is to determine whether the instrument is performing to
the specifications necessary for the intended application.
Control charting allows the analyst and quality professional
to compare instrument performance to the required method
specifications.

[0089] The process of continuing quality improvement is
tracked using control charts. When improvements are made to
a method, control charts facilitate monitoring the affects of
changes made to the method and to determine if the modifi-
cations are effective and having the desired impact. The con-
trol chart facilitates tracking trends over time by seeing the
data trending higher or lower, allowing preventative action to
be taken prior to having an out of control situation or complete
system failure.

[0090] Similar control charting can be created for at least
each of the following important chromatographic properties:
peak retention time, peak area, peak width, and peak resolu-
tion. The use of control charts allow for the analysts and
quality control professionals to establish statistically derived
criteria to monitor and control their chromatography analyses
(e.g., LC, HPLC, UHPLC, SFC, and carbon dioxide based
chromatography analyses). Statistically derived control lim-
its avoid tendencies to have criteria that are too stringent or
arbitrary.

[0091] Using high quality reference standards specifically
designed for QC analysis provide controlled, consistent, and
reproducible results indicating instrument performance.
Using standard reference standards frequently for each
instrument and control charting the resulting data provide
information regarding instrument performance and confirm
that the data produced are high quality, reliable, reproducible
data.

Use of QCRM to Monitor System Performance

[0092] This section provides examples for measuring sev-
eral of the possible QC benchmark criteria that can be moni-
tored in the methods of the invention. The criteria can be used
in any combination. The disclosure provided herein includes
exemplary embodiments of the order in which the benchmark
criteria should be assessed; however, other embodiments can
be developed by those of skill in the art. The criteria and
specifications allow the user to determine if the QC results
indicate that the system is functioning as expected, or outside
of expectation. Setting specification for QC results of a sys-
tem, multiple systems, or between laboratories should not be
done without sufficient data trending. Once variability is
understood, QC standard results facilitate determination of
the capability of the system tested to provide reliable results.

Chromatographic Effects on QCRM: Neutral, Acids, and
Bases

[0093] QCRMs are typically designed with a void marker,
neutrals, acids, and/or bases. A particular mix may not be
appropriate for all column types or sizes and all possible
chromatographic conditions. Such considerations are well
understood by those of skill in the art. The acid and base
compounds will be aftected by pH. Therefore, the user should
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select appropriate compound mixes based on the specific
chromatographic assay and system requirements. A stable
chromatographic system with unchanged chromatographic
conditions should give the same retention and peak shape.
The neutrals QCRM are typically used as a first step in
troubleshooting any changes in QC results.

[0094] The neutrals QCRMs include a void marker and two
neutral compounds. Neutral QCRM compounds do not move
with pH changes in a system that is in control. The neutral
compounds are not ionizable and provide the same retention
and peak shape at any pH in a system that is in control.
Therefore, changes in peak retention and/or shape are indica-
tive that the system is out of control.

[0095] Upon detection of a shift in retention time of one or
more of the neutrals QCRM, the system is investigated for a
problem with the pumping system or mobile phase. Problems
indicated by such a degradation can include loss in bonded
phase of the column.

[0096] Upon detection of a shift in peak shape of one or
more of the neutrals QCRM, the system is investigated for a
problem with the injector, or system volume change due to
fitting or connections; or a data rate or time constant that may
have changed. Problems indicated by such a degradation
include a change in the column bed or void.

[0097] Ifthe neutrals QC results have not changed, QCRM
acid and/or base compounds are tested. Shifts in one or more
components of the acids and/or bases QCRM are indicative of
a problem with mobile phase preparation.

[0098] Detection of a degraded peak shape in both QCRM
acid and base compounds are indicative of one or more of any
of a number of problems depending on the observations
made. For example, trailing shoulders or tailing peaks on
every component can be indicative of a column void issue.
Co-eluting peaks can be indicative of a gradient proportion-
ing issue. Degraded peaks can also be indicative of a mixed
mode mechanism or not enough ion pairing reagent.

[0099] A detection of a shift in only acid peak retention or
only base peak retention can be indicative of a problem with
the mobile phase composition.

[0100] Detection of a shift in only acid peak shape or only
base peak shape can be indicative of various problems
depending on the shape of the peak. For example, a peak that
tails or fronts badly between good peaks and reproduces can
be indicative of a chemistry problem. In the case of weak
acids or bases run in the mobile phase that is near their pK,
tailing may be observed even on highly functionalized col-
umns, typically indicating an ionization problem rather than a
column interaction problem. Degradation of peak shape in a
basic compound can be indicative of the compound sticking
to silanols. Degradation in peak shape can also be indicative
that the column is being used at the wrong pH or includes a
contaminant from the prior injection.

[0101] The significance of changes in peak shape and
mobility are generally discussed above. More detailed expla-
nations of methods and calculations to monitor changes in
shape and mobility of peaks are provided below.

Quality Control Measurements

[0102] Low column efficiency may not always be due to
column degradation. To determine the exact cause, the entire
system should be subjected to a troubleshooting analysis to
determine the exact cause. Preferably, the quality control
measures are compared to baseline measurements obtained at
the time the system was set up and quality control assays were
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performed by the manufacturer. Quality control measures
should be tracked, as described above, to provide an appro-
priate standard for comparison. It is understood that the meth-
ods provided throughout the application to assess system
performance can include the step of comparing the results to
one or more (e.g., 1,2,3,4,5,6,7,8,9, 10 or more) prior
assessments of the same parameter to assess and monitor
system performance over time. When evaluating system per-
formance, all measurements must all be made in the same unit
(minutes, milliliters, millimeters). Recommended practice is
to use volume for all dimensions.

System Bandspreading Analysis

[0103] A bandspreading measurement is used to determine
if low column efficiency is due to degraded system perfor-
mance. [f bandspreading has increased, the analysis provided
below permits analysis of the hardware components of the
system that do not include the column, e.g., the injector,
detector, or tubing (internal diameter, length, etc.). The exem-
plary procedure illustrates measuring bandspreading at a
peak width of 4.4% of the height of the peak height (in uL).

[0104] To perform system bandspreading:

[0105] 1. Measure column efficiency. If column efficiency
is normal;

[0106] 2. Remove only the column and install a zero dead

volume (zdv) union in its place. If additional system back-
pressure is observed during this procedure (especially ifusing
an auto injector), use a piece of 0.009-inch (0.23 mm) ID
tubing (or suitable restrictor) instead of a union.

[0107] 3. Configure the system to the standard parameters
used to assess the system. The detector parameters should be
set to a high data rate and a low time constant (filter). The
following exemplary parameters are provided.

Parameter Setting
Flow Rate 0.5 mL/L
Detector Time Constant Fast
Data Rate 20 Hz

[0108] 4. Dilute the column efficiency test mixture as
needed in the mobile phase. Inject an appropriate injection
volume usually 1to 5 ul of'the solution (e.g., 1 uL. acetone as
a 10% solution diluted in the mobile phase).

[0109] 5. Using the USP column efficiency method, mea-
sure the peak width at the baseline of the peak as shown in
FIG. 3 by the Tangent method. Calculate the bandspread:
peak width (min)xflow rate (mI./min). Certain detectors with
built-in added volume (such as counter current heat exchang-
ers) may show increased values as well. Bandspread volume
should be less than 90 ul. with 3 mm internal diameter (ID)
columns. For microbore or non-standard analytical cells, the
manufacturer or manufacturer’s instructions should be con-
sulted.

[0110] 6. If the bandspreading value is greater than antici-
pated, the L.C system should be further analyzed in the fol-
lowing order to isolate the cause of increased bandspreading:
check tubing to ensure that it is properly installed and has the
correct internal diameter; check the in-line filter for blockage;
check the injection for proper functioning; and check the
detector for proper functioning.

[0111] 7. Upon identification ofa problem, re-measure sys-
tem bandspreading. Ifthe bandspreading value is reduced, the
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problem is resolved. If the value is still high, continue to
investigate the other areas within the LC system. Recalculate
system bandspreading until the value is reduced.

Standard Parameters for Analysis of System Performance

[0112] System performance should be measured to see if
trends are occurring which may lead to future problems. In
addition, if chromatography begins to degrade (e.g., quality
of peak separation or peak shape), system performance
should be evaluated to determine if the problem is column,
hardware, mobile phase, or sample-related.

[0113] System performance analyses include, but are not
limited to: system resolution (Rs); retention factor (k'); col-
umn selectivity (c); and column efficiency (N or column plate
count). Methods to measure and calculate these system per-
formance analyses are provided below.

Measuring Resolution

[0114] Resolution is the distance between the peak centers
of'two component peaks divided by the average base width of
the peaks. The following calculation is used to indicate the
quality of the separation. See FIG. 4 for clarification of mea-
surements related to the variables indicated below.

Rs = 1‘/2;‘/1
E(Wl +W)
[0115] Where:

[0116] Rs=resolution
[0117] V,=apex (retention volume of peak 2)
[0118] V,=apex (retention volume of peak 1)
[0119] W,=width of peak 1
[0120] W, =width of peak 2

Components of Resolution

[0121] There are three fundamental parameters that influ-
ence the resolution of a chromatographic separation: reten-
tion factor (k'); selectivity (ct); and column efficiency (N).
These parameters provide different means to achieve better
resolution, as well as defining different problem sources.

[0122] Resolution is a function of k', a, and N as shown
below:
a-1 14
k= ()

[0123] Where:

[0124] Rs=System resolution

[0125] o=Column selectivity

[0126] N=Column efficiency

[0127] k'=Retention factor
[0128] The affect of k', N, and a have on system resolution

are shownin FIG. 5. Initially, the two compounds are partially
separated. The resolution of the compounds can be changed
in three different ways:

[0129] 1. IfK'is increased, resolution is increased but the
peaks become broader. Decreasing k' sharpens the peaks but
decreases Rs.
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[0130] 2. If N decreases, the resolution decreases because
peak width broadens. However, the center-to-center (apex-to-
apex) distance is constant. When N is increased, the peak
width narrows.

[0131] 3. If o is increased, resolution is increased because
one peak moves relative to another.

Measuring Retention Factor (k')

[0132] Retention factor (k') is a measurement of the reten-
tion time of a sample molecule, relative to column dead
volume (V). Note that V, is measured using a probe mol-
ecule that is unretained by the column under standard test
conditions. Consult the column operator’s manual for the
appropriate probe molecule to use.

[0133] Retention factor (k') changes are typically due to:
variations in mobile phase composition; changes in column
surface chemistry (e.g., due to aging); and changes in oper-
ating temperature. In most chromatography modes, retention
factor (k') changes by 10 percent for a temperature change of
5°C.

Calculating Retention Factor (k')

[0134] The equation below is used to calculate retention
factor (k'):

_Vi-%
=7

r

[0135] Where:
[0136] k'=Retention factor of the column
[0137] V,=Void volume (or dead volume) of the column

(volume at which an unretained component elutes)

[0138] V,=Retention volume of peak 1
[0139] SeeFIG. 6 for further clarification of variables in the
equation.

Adjusting Retention Factor (k')

[0140] Good isocratic methods usually have a retention
factor (k') in the range of 2 to 10 (typically between 2 and 5).
Lower values may give inadequate resolution. Higher values
are usually associated with excessively broad peaks and unac-
ceptably long run times. If the analytes fall outside their
specified windows, an initial column test protocol should be
run to compare the results with when the column was new.
[0141] Retention factor (k') values are sensitive to the fol-
lowing change in conditions: solvent strength, composition,
and purity; temperature; column surface chemistry; and
sample identity. If the shift in retention factor (k') value is
observed with both analytes and the column test solution, the
problem is most likely due to a change in the column, tem-
perature, or mobile phase composition. This is particularly
true if the shift occurs gradually over a series of runs. If,
however, the test mixture runs as expected, the problem is
most likely sample-related.

[0142] From the possible causes, refer to the system bench-
mark comparisons to evaluate the origin of the problem. For
example, changes from the system benchmark values can
indicate: changes in mobile phase composition; changes in
operating temperature; and aging of the column.

Calculating Selectivity

[0143] Selectivity (o) is the relative retention of two peaks
in a chromatogram (the ratio of two k' values). Problems due
to selectivity (o) changes result in some peaks moving sig-
nificantly relative to other peaks. Usually, selectivity (o) can
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be controlled in L.C by varying the “chemistry” of the system,
such as mobile phase (pH, salt strength, organic solvent and
composition type, or modifier type) or type of column.

[0144] Selectivity (o) is calculated using the following
equation
VooV, K2
YTy v, w1
[0145] Where:
[0146] o=Relative retention
[0147] k';=Retention factor for V,
[0148] k',=Retention factor for V,
[0149] V,=Void volume (or dead volume) of the column

(volume at which unretained component elutes)

[0150] V,=Retention volume of peak 1

[0151] V,=Retention volume of peak 2
[0152] SeeFIG. 6 for further clarification of variables in the
equation.
[0153] When troubleshooting changes in selectivity (cv),
the approach is similar to the approach used to troubleshoot
changes in retention factor (k'). When selectivity (o) is
affected, the corrective action depends on whether the prob-
lem is mobile phase or column-related. Results should be
compared to those obtained with the test solution and to those
observed when the column was new. The results are used to
identify column changes from problems with mobile phase or
other operating parameters. As noted above, selectivity (o)
values are sensitive to changes in mobile phase composition
(pH, ionic strength) and purity; temperature; and the age of
the column.
[0154] As outlined in Measuring Retention Factor (k'),
after adjusting factors that could be causing abnormal selec-
tivity values, the test solution should be rerun and results
compared to prior results, both the abnormal readings and
from when the column was new. From the possible causes
listed above, the origin of the problem is evaluated.

Measurement of Column Efficiency

[0155] The column efficiency (N) (also called theoretical
plate count), is a measure of the bandspreading of a peak. The
smaller the band spread, the higher the number of theoretical
plates, which indicates good column and system perfor-
mance.

[0156] The measurement of column efficiency is actually
the total efficiency for the LC system and column combined.
A decline in measured efficiency may be due to one or more
of: age and history of the column; extra column band broad-
ening (such as due to a malfunctioning injector or improper
tubing ID); inappropriate detector settings (for example, time
constant); and change in flow rate and solvent viscosity. Prob-
lems in separation due to a loss of column efficiency can be
recognized be a change in the width and/or shape of all peaks
are affected. FIG. 7 illustrates low efficiency and high effi-
ciency peak shapes.

[0157] To confirm that the problems observed are due to a
loss of efficiency, the column test performed when the column
was new should be repeated, e.g., the test with the probe
provided by the column manufacturer. If the test result is
similar to the first test, the problem is specific to the method in
use. If the measured efficiency has degraded, either the col-
umn has degraded or system band-broadening has increased.
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However, if a guard column is being used, it can be a source
of band-broadening and the component most likely to fail
first. Therefore, system efficiency should be monitored and
documented with and without the guard column.

[0158] If the measured column efficiency is low (less than
75 percent of the original measurement for the column), the
source of the problem can be isolated by replacing the column
with a new or known good column. The column efficiency
should be measured for the new column. If the column effi-
ciency is normal for the replacement column, the prior col-
umn should be replaced. If exchanging the column does not
increase the efficiency of the system, other causes of potential
problems should be investigated including incorrect tubing
1D, guard column, plugged filters and frits, malfunctioning
injector, or malfunctioning detector.

Delay Volume

[0159] Delay volume is the volume from the point where
the gradient begins mixing through the pump and injector to
the head of the column. Delay volume affects gradient sepa-
ration. A gradient method developed on one type of system or
a system with a first set of tubing lengths cannot be directly
transferred to another system or the same system with differ-
ent tubing lengths. The gradient table must be modified to
obtain the same separation.

[0160] To determine the delay volume of a system, the
column is replaced with a union. The first of the gradient
components (e.g., methanol) is placed in the A reservoir and
the second gradient component (e.g., methanol) with a small
amount of'a component that can be detected by the detector in
the system (e.g., UV or PDA 0.5 mg/[. methyl paraben). Lines
are flushed completely. The system is programmed to gener-
ate a linear gradient form 0% B to 100% B over 10 minutes at
1.0 mL/min. The % B is plotted as a second channel and the
system is allowed to run at 100% B until the detector stabi-
lizes. The plots are overlaid. The time between the % B plot
and the detector plot at 50% B is measured. The time in
minutes is multiplied by the flow rate is the delay volume.
Dwell times for various L.C systems are shown in FIG. 8.
[0161] Retention times can also be altered by the use of
different tubing lengths on the same system as shown in FIG.
9. The same samples were run using a 100 uL. loop and a 1000
uL loop. A significant delay in retention time was observed
for each of'the peaks. The differences in retention time can be
more pronounced when different injectors and/or pumps are
used. Changes in injectors and pumps can also result in
changes in delay volumes. Further, when doing in-line mix-
ing, isocratic separations are not generally affected by delay
volume differences. However, the exception is when the vol-
ume is reduced so much that complete mixing does not occur.

Injector Function Analysis

[0162] Injector malfunction can be detected by various
chromatography problems including, but not limited to: an
absence of peaks as a result of the needle not being properly
inserted in the vial, the valve not opening and closing prop-
erly; and/or the sample not being withdrawn; poor peak shape
including tailing, shoulders, and doublets as a result of valve
problems; poor peak area reproducibility as aresult of syringe
orvalve problems; and ghost peaks as a result of residue from
previous injections. Contamination can arise from one or
more of the needle wash solvent, the mobile phase sample or
solvent, or contamination in the injector.
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System Efficiency

[0163] Using the compositions and methods provided
herein, the functionality of various components of the L.C
system can be tested and analyzed. The results from the
analyses are used to pinpoint and diagnose problems in the
LC system, including column effects and non-column effects
(mobile phase, pump, injector, connecting tubing, in-line fil-
ter, guard column, detector, etc.), based on the calculated
values for system parameters in comparison to previously
obtained values, preferably values obtained both when the
system was new and throughout the time that the system was
used. These compositions for systematic analysis of a chro-
matography system result in one or more of greater accuracy
ofresults, greater precision of results, greater reliability of the
system, the ability to compare results over time and possibly
between systems.

[0164] System efficiency between two identical systems
were compared using the same mobile phase and the same
sample, which was a mixture of acetone, acetophenone, pro-
piophenone, and butyrophenopne. Both columns were new.
The results are shown in FIG. 10A. System C had noticeably
more band spreading than System A. This suggests that the
column used in System C may have been bad, or that non-
column problem(s) were present in System C.

[0165] System efficiency can be calculated using the USP
method, also known as the Tangent method using the follow-
ing formula:

[0166] Where

[0167] V, ,=elution volume to peak apex

[0168] W, =peak width (4 sigma)

[0169] N, ~total plates (4 sigma)
[0170] SeeFIG. 10B for further clarification of variables in
the equation. Calculations of column efficiency based on the
shape ofpeak 4 in FIG. 10A in Systems A and C shown is FIG.
10C. FIG. 10D provides additional equations for assessment
of column efficiency. Such equations can be used alterna-
tively, or in conjunction with, other assessments provided
herein.
[0171] The efficiency of an L.C system tells how well it will
separate (resolve) peaks. The narrower the peaks, the higher
the efficiency and the better the resolution. Time can be used
instead of volume in this calculation; however, all measure-
ments must then be in time units. V,, becomes RT (retention
time) and peak width can be taken from QCRM calculations
using the tangent result.

Factoring Out Non-Column Effects

[0172] Systems can be tested without a column in place to
assess non-column effects. The column is replaced by a con-
nector, preferably a zero volume connector, for such assays.
The equation provided above simplifies when the column
void volume is significantly larger than the system volume. In
such a system, retention of the peaks from the system is
almost zero. The calculations to simplify the equation and the
results from the analysis of System C without a column are
also provided. Based on the calculation, the column is deter-
mined to have good efficiency as the peak is still broad even
in the absence of a column as shown in FIG. 11. The results
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suggest the injector may be a contributor to the poor system
efficiency and the 180 ulL observed bandspread.
Bandspread vs. Time Constant vs. DPS

[0173] Assessing bandspread can be significantly mislead-
ing if a filter time constant is too high, or the data points per
second are too low. As shown in FIG. 12, the apparent band-
spread is calculated as 60 pL. for the time constant of 0.1.
However, when the bandspread is calculated as 100 uL. for the
time constant of 1.0, this is artificially high. There is a sig-
nificant difference in peak apex and possibly retention time
when 1 data point per second is used. Faster chromatography
methods, e.g., UHPLC using UPLC® columns and systems,
require higher data rates and lower filter time constants.

Connecting Tubing, in Line Filter, and Guard Column
Considerations

[0174] Connection tubing must be made of a material com-
patible with the reagents to be used in the LC. The tubing must
also be structurally sound, being free of kinks or other struc-
tural impediments to reagent flow. Tubing must also have an
appropriate internal diameter. In-line filters are typically 2
UM pore size filters that are placed between the injector and
the column to prevent particulates from reaching the column.
Guard columns are short sections of column placed before the
analytical column to scavenge damaging sample components
from the analytical column. The packing material in such
columns must be considered to ensure that it does not create
problems with the analytical column. The use of an in-line
filter or guard column is not a substitute for proper prepara-
tion of reagents. In-line filters and guard columns can become
blocked with particulate materials or other contaminants
inhibiting flow. Problems with in-line filters or guard columns
can reveal themselves as high pressure, poor peak shapes,
baseline drifts, missing peaks, or bad chromatography.
[0175] FIG. 13 shows that a contaminated in-line filter
resulted in trailing, poor peak shape, and high pressure. Upon
replacement of the in-line filter, both system pressure and
peak shape were normalized.

[0176] Tubing diameters can have a significant effect on
system performance. Tubing that is too narrow (e.g., 0.009"
internal diameter) can become blocked, resulting in poor peak
shape and high pressure. Tubing that is too wide (e.g., 0.040"
internal diameter) can result in poor column efficiency and
bandspreading. FIG. 14A demonstrates that upon replace-
ment of the column with a zero volume union, or a 12 inch
length of tubing with internal diameters of 0.009, 0.020, and
0.040 a significant increase in peak width (bandspread) was
observed.

[0177] The results in FIG. 14A are confirmed by those of
FIG. 14B which provides a table demonstrating that the inter-
nal diameter of a tubing has a greater effect on bandspreading
than the length of the tubing in a chromatographic system.

Viscosity of Mixtures of Water and Organic Solvents

[0178] Viscosity and, therefore, pressure change dramati-
cally for some mixtures of organic solvents and water. Vis-
cosity curves are show in FIG. 15. The curves show an
increase in viscosity from 100% acetonitrile to 80% water and
a small decrease in viscosity when changing from 80% to
100% water. The effect is more pronounced when mixing
water and methanol. Viscosity more than doubles from 100%
methanol to a 50% water-50% methanol mixture. The effect
of'this change in viscosity (and pressure) is that a gradient run
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ona reverse phased column from 100% water to 100% metha-
nol, results in a pressure increase by a factor of approximately
1.8 followed by a pressure decrease factor of 2 when reaching
100% methanol. From the curves, it can also be readily seen
why ethanol is not a commonly used HPLC solvent due to a
system pressure that is nearly double that of methanol. Varia-
tions in pressure can affect system performance.

Fitting Selection

[0179] Setting the ferrule at the proper distance from the
end of the tube is necessary to minimize bad spreading. Prob-
lems can arise when using tubing fittings on the inlet and
outlet ports of columns from multiple different manufacturers
are used on the same system. Two different ferrules are shown
schematically and in a photo in FIGS. 16A and 16B, respec-
tively. The length of tubing 1606 extending from ferrule 1602
is shorter than the length of tubing 1608 that extends from
ferrule 1604, potentially resulting in system performances.
Differences in the internal structures of connector, e.g., 1620
and 1622, particularly the absence 1628 or presence 1630 of
the void volume in the connector as indicated in FIG. 16B can
result in changes in band shape and band spreading as shown
in curves 1624 (no internal void) and 1626 (internal void).
The end of the tubing must be square and flush with the
internal machining of the end fitting. Otherwise, there is extra
volume in the column connection where band spreading can
occur. An improperly installed ferrule can cause band spread-
ing, especially in fittings from the injector to the column, and
from the column to the detector.

Detector Considerations

[0180] Improperly functioning or improperly programmed
detectors can cause reductions or apparent reductions in sys-
tem function. The detector must be consistent over both short
and long intervals to ensure accuracy and precision within
and between samples. Changes in baseline are characterized
as drift, noise, or wander depending on if the changes are
observed over an hour, over a minute, or over a period of time
there between. Detector problems can also be caused by
bubbles out-gassing before or inside the detector cell. The
light source must be stable, including the lamp or LED and
the power supply. Flow cells must be kept clean, and care
must be taken in cleaning them, when necessary Time con-
stants that average signal for a specified time can be used to
reduce noise. Finally, the correct detector and detection rate
must be selected for the appropriate application.

Effect of Wrong Detector Cell on System Bandspreading

[0181] Bandspreading depends on internal diameter of tub-
ing and the length of the analytical cell. As shown in FIG. 17,
the bandwidth of the chromatograph from the analytical cell
is narrower than that of the semi-preparative cell due to
shorter path length and larger tubing internal diameter in the
semi-preparative cell than the analytical cell. Detectors
should be adjusted in view of the geometry of the tubing and
columns used.

[0182] Effect of Detector Time Constant

[0183] FIG. 18A shows three chromatograms in a stackplot
that were all made from the same vial of sample using the
same injection volume with varying detector time constants,
specifically time constants of 0, 1.5 v per second, and 2.5 per
second. Use of an inappropriate time constant results in an
apparent loss of resolution and sensitivity upon lengthening
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the time constant. Similarly, an overlay of chromatographs
made from the same vial of sample using the same injection
volume using detector time constants of 0.2 per second and
1.0 per second shows an apparent retention time shift that
occurs as the detector time constant is increased

[0184] Column Considerations

[0185] It can be helpful to consider system problems as a
result of a column effects or non-column effects. Consider-
ations related to proper column functioning and troubleshoot-
ing of column based problems include, but are note limited to:
pressure considerations, particularly high pressure in relation
to particle size and solvent composition; temperature control,
especially as related to retention time shifts; retention time
consideration, especially related to dirty columns; ghost
peaks, especially related to dirty columns or chemical con-
tamination that require cleaning the column with a strong
solvent; poor peak shape, potentially due to loss of plate
count, as a result of one or more of voids, dirty column, or
packing degradation; loss of column efficiency, as a result of
one or more of voids, dirty column, or packing degradation;
direction of column flow through, wherein reversing the
direction of flow can disrupt column packing; pressure
shocks, wherein abrupt shifts in pressure from low to high or
high to low almost instantly disrupt column integrity; column
pH compeatibility, with a pH of 3-7 for silica based columns
being preferred; compatibility of end fittings with ferrules
properly set on tubing; baseline drift, particularly in associa-
tion with long retained material bleeding oft of the column;
column storage, with preferred storage conditions being wet
in a compatible solvent at an appropriate temperature for the
solvent, and under conditions free from mechanical shocks;
and column cleaning.

Tailing Peaks

[0186] Tailing peaks due to column problems can be a
result of one or more of: column overload due to too much
mass or too large of'a volume sample; competing mechanisms
resulting in adsorption on C18 and silanol sites; column voids
as a result of pressure shocks, mechanical shocks, or column
drying; improper sample viscosity, typically a viscosity thatis
too high; co-cluting peaks; a bad guard column resulting in
sample bleeds onto the analytical column; and a need for
ion-suppression or PIC reagent which are application depen-
dent. The above should be considered upon observation of
tailing peaks in view of the specific sample and run condi-
tions.

[0187] Tailing vs. pH and Ionization Issues

[0188] Weak acids and bases that are run in a mobile phase
that is near their pK may show tailing even on highly func-
tionalized columns. The problem is typically explained as an
ionization problem, specific to the sample, rather than a col-
umn interaction problem. FIG. 19 A shows aspirin separation.
The pKa for aspirin is 3.5. A poorly shaped peak (1920) in a
chromatogram is between to well shaped peaks (1922 and
1924) as in FIG. 19B can be indicative of any of a number of
problems including, but not limited to: co-eluting peaks; a
mixed mode mechanism; a basic compound sticking to sil-
anols; not enough ion-pairing reagent, not enough ionic
strength; incorrect pH; and a contaminating peak from a prior
injection. FIG. 19C shows a chromatogram of caffeine, aspar-
tame, benzoic acid, and sorbic acid in which all of the peaks
of the chromatogram have shoulders and are poorly shaped.
FIG. 19D is an expanded view of the caffeine peak showing
that a shoulder is present on that peak as well. Consistently
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poorly shaped peaks is indicative of a mechanical, rather than
a chemical, problem. For example, the presence of shoulders
can be indicative of a column void or injector failure. In the
example chromatograph shown, further analysis demon-
strated that the problem was caused by a void in the column.
The column was replaced and the sample rerun. The resulting
chromatograph is shown in FIG. 19E. All of the peaks are well
shaped.

Column Regeneration

[0189] Depending on the reason for column failure, some
times the column can be regenerated, rather than replaced.
However, column regeneration is time consuming and expen-
sive and, even when it works, column efficiency is never
completely restored. In some cases, DMSO can be used as a
column modifier as it will not damage the column, however,
care must be taken as it can stick to the head of the column and
adversely affect separations. Cleaning may extend the useful
life of the column in such a situation. The following exem-
plary column regeneration method is provided:

[0190] 1. Wash with 100% water to remove buffers.

[0191] 2. Wash with methanol.

[0192] 3. Wash with THF.

[0193] 4. Wash with N-heptane.

[0194] 5. Wash with THF.

[0195] 6. Wash with methanol.

[0196] 7. Wash with water.

[0197] 8. Return to solvent.

[0198] After regeneration of the column, it should be

checked using the QCRM compositions and methods pro-
vided herein to confirm that the column is functioning at an
acceptable level.

EXAMPLES
Example 1

Neutrals QCRM

[0199] A neutrals QCRM (in this example, including
acetone (as a void volume marker) as well as naphthalene and
acenaphthene (later eluting neutral compounds)) can be
extremely versatile and appropriate for a vast variety of col-
umn chemistries and dimensions, and system hardware. It can
also be adaptable to a wide variety of separation methods.
Similarly, it can alternatively include other combinations of
neutral compounds.

[0200] The injected quantity of the neutrals QCRM should
be scaled for other column diameters. A column calculator
(such as an ACQUITY UPLC® Columns Calculator avail-
able from Waters Technologies Corporation, Milford Mass.)
can be used to properly transfer the separation across column
dimensions. The L/dp (length to particle size ratio) for both
columns should be kept comparable to maintain resolution.
[0201] FIG. 20 shows an example chromatogram obtained
for the neutrals suitability mixture using the following col-
umn and system. Column: BEH C g, 1.7 um, 2.1x50 mm
column; Instrument: ACQUITY UPLC® H-Class System
(Waters Technologies Corporation, Milford Mass.). Mobile
phases: A: 20 mM potassium phosphate pH 7; B: 10 mM
ammonium formate pH 3; C: 10 mM ammonium bicarbonate
pH 10; D: acetonitrile. Flow rate: 0.5 mL/minute. Tempera-
ture: 30° C.; Detection: UV. Retention times: Acetone (V_):
0.3 min; Naphthalene: 1.5 min; Acenaphthene: 2.6 min.
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Example 2

Reversed Phase QCRM

[0202] A reversed phase QCRM (in this case, including 7
compounds: uracil (un-retained marker), butyl paraben (weak
acid), naphthalene (neutral), propranolol (base), dipropy-
Iphthalate (polar neutral), acenaphthene (neutral), and ami-
triptyline (base) at pH 7). These compounds were chosen for
their varying chemical properties and retention on reversed-
phase stationary phases. Under the appropriate reverse phase
method conditions, the compounds can be resolved.

[0203] The reversed phase QCRM of Example 2 is signifi-
cantly more complex than the neutrals QCRM of Example 1,
in that it contains compounds which could be challenging to
separate. It is designed to provide this complexity and is
appropriate when complex assays are routinely performed. It
can be used with a variety of column chemistries and dimen-
sions, and system hardware. On different column chemistries
or dimensions, methods may need to be modified or re-devel-
oped to obtain sufficient resolution.

[0204] FIG. 21 shows an example chromatogram of the
Reversed-Phase QCRM generated using the following col-
umn and system: Column: HSS C,, 2.1x50 mm, 1.8 pm
column; Instrument: ACQUITY UPLC® HSS System (Wa-
ters Technologies Corporation, Milford Mass.). Mobile
phase: 65/35 Methanol/20 mM phosphate buffered mobile
phase at pH 7; Flow rate: 0.25 ml./min; Temperature: 30 C;
Detection: UV at A=254 nm; Injection volume: 1.5 ul.. Reten-
tion times: Amitriptyline: 29 min; Acenaphthene: 24 min;
Naphthalene: 11 min; Dipropyl phthalate: 8 min; Butyl para-
ben: 5 min; Propranolol; 4 min; Uracil (V,); 1 min.

Example 3

Preparative Chromatography Standard

[0205] Example 3 shows the results of a UV chromatogra-
phy dye test QCRM for preparative chromatography gener-
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[0206] Chromatographic Method

Time A% B % Curve Number

T = 0 minutes 95 5 6

T = 1 minutes 95 5 6

T =7 minutes 30 70 6

T = 7.5 minutes 5 95 6

T = 8.5 minutes 5 95 6

T =9 minutes 95 5 6

T = 10 minutes 95 5 6
[0207] Run Parameters
Parameter
Tab Settings to be Specified
General Step fraction collection to On and peak type to Preparative

Select the Max Fractions Per Injection check box, and
specify a value of 10
Select the Max Tubes Per Injection check box, and
specify a value of 10
Rinse time = 0
Span = 0.5 amu

Timing Solvent front delay = 0 seconds
Split/Collector delay = seconds, where x = the
split/collector delay determined earlier

Volume Minimum fraction width = 3 seconds
Maximum fraction width = 120 seconds
Maximum tube fill = 90%

[0208] Detector Selection

Detector  FractionLynx ™
Type Method Tab Settings to be Specified

2487 uv MIT = 100

Peak Start = Leading Edge Gradient % with a value of 30
Terminate Peak = Below Gradient % with a value of 60

PDA PDA Span =3 nm

MIT = 5,000
Peak Start = Leading Edge Gradient % with a value of 30
Terminate Peak = Below Gradient % with a value of 60

Mass Spec ES+ ES+ ion adducts = 1

MIT = 5,000,000
Peak Start = Use MIT only
Terminate Peak = Use MIT only

Analog Analog MIT = 5,000

Peak Start = Leading Edge Gradient % with a value of 30
Terminate Peak = Below Gradient % with a value of 60

ated using the following column and system: Column: 19
mmx50 mm XTerra® column (Waters Technologies Corpo-
ration, Milford Mass.) Mobile phase: (A): Water/TFA, 0.1%
or Water/formic acid 0.2% (v:v); (B): Acetonitrile/TFA, 0.1%
or Acetonitrile/Formic acid 0.2% (v:v); Detection: Waters
2487 UV detector at =418 nm, A=590 nm; Injection volume:
100 pL. The tables below show the chromatography condi-
tions used.

[0209] FIG. 22A shows an example of the chromatograms
obtained for the preparative chromatography standard via UV
and MS using an XSelect™ CSH™ C18, 5 um, 19x50 mm
column (Waters Technologies Corporation, Milford Mass.).
The chromatograms in FIG. 22B represent typical results of
the dye test. The three components of the dye mix have been
separated and collected into separate vials labeled 1:16, 1:17
and 1:18 to 1:19. The sample was collected using a photo-
diode array detector (e.g., A 996 PDA detector available from
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Waters Technologies Corporation, Milford Mass.). The
wavelength values were put in the sample list, and the fraction
triggers were set to wavelength A and B.

Example 4

Preparative Chromatography Mixture

[0210] A preparative chromatography mix is S mg/ml. each
of diclofenac sodium salt, diphenhydramine hydrochloride,
and flavone in DMSO was subject to liquid chromatography.
The chromatograph and the structures of the detected com-
ponents are provided in FIG. 23.

Storage and Stability

[0211] The preparative chromatography mix is 5 mg/mL
each of diclofenac sodium salt, diphenhydramine hydrochlo-
ride, and flavone in DMSO. The compounds are stable in their
original packaging, through the expiration date listed as pro-
vided in 1 m[. amber ampoule before opening. Once opened
the mixture should be used immediately to avoid degradation
which could compromise the quantitative benefit.

Recommended Usage

[0212] Fortypical preparative chromatographic analysis on
a4.6x100 mm column, the compound mix was injected at 10
uL. The injected quantity should be scaled for other column
diameters. The table below indicated the approximate reten-
tion times obtained for the compounds when using an XSe-
lect® CSH C18, 5 um, 4.6x100 mm, 0.1% FA column (Wa-
ters Technologies Corporation, Milford Mass.) and the
specified chromatographic method in the table below, as well
as the m/z criteria for each compound. A detection wave-
length of 220 nm was used and is preferred for sensitivity of
all 3 compounds and does not show the sample diluent,
DMSO, at the beginning of the chromatogram.

[0213] Preparative Mix 186006703 UV and MS
Compound Type MS Approximate RT (min)
Diclofenac sodium salt Acid 296.02 9.5
Diphenhydramine Base 256.17 4.5
hydrochloride
Flavone Neutral 223.07 8.2
[0214] Chromatographic Method
Flow
Time (min) (mL/min) %A % B Curve
1.46 95.00 5.00
12.00 1.46 5.00 95.00 6
14.00 1.46 5.00 95.00 6
14.20 1.46 95.00 5.00 6
20.00 1.46 95.00 5.00 6
[0215] FIG. 24 shows an example of the chromatography

obtained for the preparative mix via MS when the method in
the above table using a SunFire® C18, 5 um, 4.6x100 mm,
0.1% FA column (Waters Technologies Corporation, Mil-
ford, Mass.).
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[0216] Diclofenac, diphenhydramine, and flavone have the
similar chromatographic profiles on each of the columns
reviewed.

[0217] Columns from Waters Technologies Corporation,
Milford, Mass. Recommended to be used with the Preparative
Chromatography Mix

Column Name Dimensions  Mobile Phase:
XBridge ® C18, 5 um 4.6x 100 mm 0.1% FA
XBridge ® C18, 5 um 4.6 x 100 mm  0.1% TFA
SunFire ™ C18, 5 um 4.6 x 100 mm 0.1% FA
SunFire ™ C18, 5 um 4.6 x 100 mm  0.1% TFA
XSelect ® CSH C18, 5 um 4.6 x 100 mm  0.1% FA
XSelect ® CSH C18, 5 um 4.6 x 100 mm  0.1% TFA
XSelect ® CSH Phenyl-Hexyl 4.6x 100 mm 0.1% FA
XSelect ® CSH Phenyl-Hexyl 4.6x 100 mm  0.1% TFA
XSelect ® CSH Fluoro-Phenyl 4.6x 100 mm 0.1% FA
XSelect ® CSH Fluoro-Phenyl 4.6x 100 mm  0.1% TFA

[0218] The following exceptions related to column use are
noted:
[0219] On the XSelect™ CSH Fluoro Phenyl column

(Waters Technologies Corporation, Milford, Mass.).
Diclofenac and flavone less than 0.5 minutes apart with
0.1% FA in the mobile phase. They are 0.08 min apart
with 0.1% TFA in the mobile phase and diclofenac elutes
before flavone. On C18 columns they are about a minute
apart.

[0220] On the XSelect™ Phenyl Hexyl column (Waters
Technologies Corporation, Milford, Mass.), diclofenac
and flavone are further apart with 0.1% FA in the mobile
phase (~1.5 min) than on C18 columns (~1 min).

Example 5

Troubleshooting Common System Problems Using
Neutrals QCRM

[0221] The troubleshooting compositions and methods
provided in this example and throughout the application pro-
vide many advantages. For example, using the methods and
compositions provided herein, chromatography (e.g., LC,
HPLC, UHPLC, SFC, and carbon dioxide based chromatog-
raphy) system issues can be detected early, minimizing col-
lection of poor quality data. Using a quality standard, such as
those provided herein, troubleshooting can be performed
faster, reducing overall system downtime. Moreover, a
recently repaired instrument can be quickly confirmed to be
back in normal operation

[0222] Chromatography is a powerful analytical method of
analysis, however, when chromatography systems begins to
malfunction, it can mean a considerable amount of time and
resources to fix. Some system problems, such as a leak in the
pump, can be noticed by an experienced chromatographer,
while other problems, such as improperly connected column
outlet tubing, can be a subtle problem and difficult to trouble-
shoot. By using a QCRM, a chromatographer can more easily
detect problems within their system, potentially reducing sys-
tem downtime.

[0223] The neutrals Quality Control Reference Material
(QCRM) is a mix of three neutral compounds: acetone, naph-
thalene, and acenaphthene. These compounds are manufac-
tured with batch-to-batch reproducibility in a controlled set-
ting ensuring consistent results over time. This standard is an
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ideal solution for system troubleshooting and maintenance as
the separation of these compounds can be achieved under
common mobile phase conditions with sufficient organic con-
tent. In this example, six common chromatographic problems
are examined to demonstrate the utility of the neutrals QCRM
in rapidly diagnosing problems on a chromatography system.
After repairs were made, the neutrals QCRM was used to
quickly confirm that the system was back to operating opti-
mally. By using the neutrals QCRM to check system func-
tionality, data quality can be assured and the system can be
used with confidence.

[0224] It is beneficial to have a system’s performance
benchmarked, in order to monitor system performance and
ensure quality data generation. Subsequently, if any problems
arise within the system, the operator can compare the perfor-
mance after any repairs, to performance before the problem
was present. In this example, six common chromatographic
issues are examined, using the neutrals QCRM to rapidly
diagnose the problem, e.g., poor column performance, leak in
pump, poor check valve performance, improper column fit-
ting connections, air bubble in system, and/or error in mobile
phase preparation. During this experiment retention time,
USP tailing factor, and USP plate count were monitored.
Although many other parameters may be monitored, these
parameters were chosen since many methods, especially
compendial methods, have requirements for these param-
eters. Furthermore, all of these parameters can be indicators
of a malfunctioning system.

[0225] Forty-five injections of the neutrals QCRM were
run on a recently calibrated ACQUITY UPLC® H-Class
column with ACQUITY UPLC® PDA detector (both from
Waters Technologies Corporation, Milford, Mass.) for five
days, as shown in FIG. 25A, prior to any system malfunction
or user error. As part of a system benchmarking process, the
operator creates appropriate specifications according to labo-
ratory protocols that the neutrals QCRM must pass in order
for the system to be considered working optimally. By creat-
ing these specifications, the system performance can be moni-
tored, potentially catching problems before they arise.

[0226] To showcase the troubleshooting capability of the
neutrals QCRM, the first issue demonstrated is the effect of a
failing column on the separation. Over time, with repeated
injections, all LC columns will lose their efficiency and abil-
ity to separate components of a mixture. In FIG. 25B, the
separation of the neutrals QCRM on an ACQUITY UPLC®
BEH C18,2.1x50 mm, 1.7 pm Column (Waters Technologies
Corporation, Milford, Mass.) that had been excessively used
is shown and compared to the separation obtained on a col-
umn with acceptable performance.

[0227] As FIG. 25B shows, the failing column is causing
peak splitting of both the naphthalene and acenaphthene
peaks. Monitoring USP plate count for the acenaphthene
peak, the value dropped to approximately 1000 with the fail-
ing column, shown in FIG. 25C. After the failing column was
replaced with a new column, nine injections of the neutrals
QCRM were run. The data from these nine injections, shown
in FIG. 25C, is comparable to the benchmarked data, indicat-
ing that the system is operating optimally prior to column
failure. The low % RSD of the combined retention times after
column replacement, as well as the consistent return to com-
parable plate counts and tailing factors, demonstrate that the
system is back to normal performance.
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[0228] The second system issue demonstrated is malfunc-
tioning pump caused by a leak. Once the leak was induced,
the neutrals QCRM was analyzed, shown in FIG. 26A.
[0229] When a minor leak was present in the pump, all of
the peaks were still eluting within the sample run time; how-
ever, there is a shift in retention times and a slight change in
the system pressure. With stringent specifications set in the
laboratory, the approximate 10% difference in retention
times, shown in FIG. 26B, may fall outside of the specifica-
tions, alerting the analyst of a potential system issue. Com-
bined with the pressure difference, this may indicate to the
analyst that the pump could be malfunctioning. After the
pump was repaired, the system was re-checked for perfor-
mance using the neutrals QCRM. Nine injections of the stan-
dard were performed and the data was compiled, shown in
FIG. 26B. The combined retention time % RSDs were less
than 0.7 for all peaks after the leak was repaired, which
confirms that the system was back to normal operation.
[0230] A third common system problem is a bad check
valve. Check valves help to regulate flow and pressure in a
chromatography system. Over time, these valves may stick
and become clogged depending on the types of mobile phase
used. When they begin to fail, there can be noticeable chro-
matographic and pressure issues in a system. The separation
of the neutrals QCRM on a system with a bad check valve
compared to a good check valve is shown in FIG. 27A.
[0231] The retention times of all three peaks shift with the
bad check valve compared to the good check valve. This
slight change in retention time is caused by the check valve
not being able to regulate the flow of the mobile phase effec-
tively. In this instance, not only did the retention of the com-
pounds increase, but the plate count dropped by 26% for
naphthalene, shown in FIG. 27B. This shift in retention time,
as well as the decrease in plate count, may cause a run of
standard to fall out of specifications. Once the check valve
was replaced, the system was checked for performance once
again by running an additional nine injections of neutrals
QCRM, shown in FIG. 27B. In this instance, the plate counts
and retention times of the nine injections were comparable to
the benchmarked data, indicating a normally functioning sys-
tem after repair of the check valve.

[0232] A fourth common mode of failure in an L.C system
is improper column connection. Improperly connecting the
tubing to the column can occur when changing columns and
can result in a gap between tubing and column end fittings.
This gap can affect peak shape, potentially widening peaks,
resulting in excessive peak tailing or shouldering. The sepa-
ration of the neutrals QCRM on a column with an improper
connection compared to a column that is properly connected
can be seen in FIG. 28A.

[0233] In this example, the separation of the neutrals
QCRM with the improper column connection shows only
slight changes in the separation compared to the proper col-
umn connection. The effect of improper column connections
can vary depending on the extent of the gap created. In this
case, tailing of the naphthalene peak increases slightly with
the poor tubing installation as well as the decreased retention
of the acenaphthene peak. These changes could indicate
many problems with the system. Each peak is affected differ-
ently and as the differences are only slight, they might go
unnoticed. In addition to the higher tailing of the naphthalene
peak, a drop in plate count is also observed, shown in FIG.
28B. Depending on assays and specifications, this drop in
plate count may cause system performance checks to fail. By
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connecting the column properly and injecting nine injections
of the standard, the system performance was re-checked,
shown in FIG. 28B. The tailing factor for naphthalene
returned to approximately 1.1, and the plate counts increased
and returned to the same performance as the benchmarked
data, indicating that the system has returned to optimal opera-
tion.

[0234] A fifthcommon problem in L.C is an air bubble in the
solvent line, which can be caused by inadequate system prim-
ing or running out of solvent in the solvent bottles. Once an air
bubble forms, it can affect the system pressure and mobile
phase delivery. The effect of an air bubble on the separation of
the neutrals QCRM is shown in FIG. 29A.

[0235] With air in the system, the retention time of all the
peaks has shifted. The air in the solvent lines or pump can
cause improper delivery of the mobile phase, thereby shifting
retention time. In this case, a 25% increase in retention of the
naphthalene peak was observed, shown in FIG. 29B. By
re-priming the system with mobile phase, the air was removed
from the system. Looking at the data from nine injections of
the neutrals QCRM after removing air from the system,
shown in FIG. 29B, the retention times have returned to where
they were during system benchmarking, indicating the sys-
tem no longer has an air bubble.

[0236] The final common problem seen in L.C that was
studied in this application is varying organic composition in
the mobile phase, which can happen during mobile phase
preparation due to analyst error. Slight variations in mobile
phase composition can have effects on chromatographic
results, including increasing or decreasing retention times
and potentially causing co-elution of peaks. In this applica-
tion, the percentage of acetonitrile was altered by £2% for the
analysis of the neutrals QCRM. FIG. 30A shows the separa-
tion with using mobile phase compositions of 48%, 52%, and
50% (recommended composition) acetonitrile.

[0237] Predictably, the varying organic composition has a
significant effect on the isocratic separation of the standard. A
retention time shift of 25% for the naphthalene peak was
observed when the mobile phase contained 48% acetonitrile,
while a 21% decrease in retention time occurred when 52%
acetonitrile was present in the mobile phase, shown in FIG.
30B. Once the original mobile phase composition (50%
acetonitrile) was placed back onto the system, nine injections
of the neutrals QCRM were run to re-check the system per-
formance, shown in FIG. 30B, and to demonstrate proper
system operation. The retention times of all the peaks were
comparable to the benchmarked data, indicating that the
mobile phase was made accurately and that the system is
functioning as it should. The neutrals QCRM is compatible
with many mobile phases, and if the mobile phases for sample
analysis are used to both benchmark and troubleshoot the
system, the benefits of the neutrals QCRM for troubleshoot-
ing mobile phase errors can be realized. While this example
focuses on the use of 50% acetonitrile, other mobile phases
with sufficient organic composition may be used. Without the
use of a standard to check system performance, an error in
mobile phase preparation could cause irreproducible chroma-
tography or co-elution of target peaks in real samples, result-
ing in extensive and unnecessary method development, or
reanalysis of the samples. Instead, with proper specifications
for the neutrals QCRM, errors in organic composition may be
identified before time is invested in sample analysis.

[0238] In summary, the neutrals QC Reference Material
(QCRM) is a mixture of three neutral compounds that can be
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separated with common mobile phases with sufficient organic
composition, and is compatible with most column chemis-
tries, making it an ideal standard for troubleshooting chroma-
tography system problems. Before the standard can be used as
a troubleshooting tool, it is recommended to benchmark the
system performance using the standard and create a set of
specifications to determine the limits of acceptable data for
future runs of the standard. During routine analysis the stan-
dard can be used to monitor to the system and if a problem
arises, the neutrals QCRM can be run to determine if a system
problem exists and to help identify the issue. Once the prob-
lem is resolved, the standard can be run again to confirm that
the system is back to normal operation.

[0239] There are many benefits to using the neutrals
QCRM. First, system downtime can be reduced. This allows
for a better use of resources, with more samples analyzed and
less time spent by analysts trying to fix a system problem.
Secondly, as a result of the strict manufacturing process of the
standard, errors in suitability standard preparation are miti-
gated, isolating issues to the system and allowing a chro-
matographer to identify the problem faster. Lastly, the neu-
trals QCRM can be used to ensure that a recently repaired
system is functioning optimally. This increases the confi-
dence in the data produced after repairs and ensures high
quality data generation.

Example 6

Ensuring Data Quality by Benchmarking System
Performance Using Waters Neutrals Quality Control
Reference Material

[0240] The neutrals Quality Control Reference Material
(QCRM) provided herein is a mixture of three neutral com-
pounds that are an ideal system reference standard. The use of
neutral compounds allow the QCRM to be unaffected by
mobile phase pH, making it compatible with buffered and
non-buffered mobile phases at both high and low pH. Thus,
the standard can be analyzed on many different chromatog-
raphy systems, with different column chemistries, and differ-
ent mobile phases. The highly controlled manufacturing pro-
cess of the standard ensures a high quality and reliable
standard that can be counted on to produce consistent results
over time. This example focuses on how the standard can be
used to benchmark and monitor system performance over the
life of the system. By using the reference standard to bench-
mark system performance, data integrity can be monitored
and assured.

[0241] System performance and data reliability are some-
thing that every chromatographer should be conscious of. A
system should be monitored regularly to ensure that it is
continually performing at an optimum level to generate qual-
ity data. The easiest way to evaluate system performance is to
routinely use a QCRM standard to benchmark the system
when it is performing optimally. At later dates, subsequent
injections of standard can be compared to the original data to
ensure that the system is still performing well. The neutrals
QC Reference Material (NQCRM) is a mixture of three neu-
tral compounds: acetone, naphthalene, and acenaphthene.
The separation of these compounds is achieved under com-
mon mobile phase conditions with sufficient organic content.
FIG. 25B, for example, shows the separation of the neutrals
QCRM onan ACQUITY UPLC® BEH C18, 2.1x50 mm, 1.7
pm Column (Waters Technologies Corporation, Milford,
Mass.).
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[0242] In this application, the standard was used to bench-
mark the system performance of an ACQUITY UPLC®
H-Class System (Waters Technologies Corporation, Milford,
Mass.) equipped with a PDA detector for a period of five days
(120 h). Prior to beginning the experiment, the system was
calibrated and performance maintenance was performed to
ensure proper operation of the system. Benchmarking a sys-
tem that is not performing optimally could lead to irregular
and unreliable benchmarking results. The neutrals QCRM
was injected in triplicate onto an ACQUITY UPLC® BEH
C18, 2.1x50 mm, 1.7 uM column (Waters Technologies Cor-
poration, Milford, Mass.) three times a day for five days. The
first set of injections was performed in the morning, the
second at mid-day, and the third in the late afternoon to
simulate the standard being run before, during and after an
eight-hour shift. A total of 45 injections were performed over
five days (120 h). Retention time (FIG. 31B), USP tailing
factor (FIG. 32), and system pressure (FIG. 33) were moni-
tored. These parameters were monitored since they are typi-
cally parameters that could indicate a serious system prob-
lem. If, for instance, the retention time of the peaks changed
significantly, it could indicate a pump issue or an error in
mobile phase preparation; while an increase in USP tailing
factor could indicate a failing column or that the column
outlet fitting is not seated properly.

[0243] As the trending data shows, the neutrals QCRM is a
valuable tool for benchmarking a system’s performance. The
data show the high reproducibility of the system over time,
with a retention time % RSD <0.7 for all three peaks in the
neutrals QCRM standard, as shown in FIG. 31A. The trending
data for the USP tailing factor shows very little deviation over
the course of the analysis, indicating that the peaks are not
changing over time. The system pressure trending data shows
very little variation as well, displaying a stable pressure over
the course of the experiment. In this experiment, the moni-
toring of retention time, USP tailing factor, and system pres-
sure was important, since any change in these parameters
could indicate a system or column problem, and potential
collection of erroneous data for experiments run on the sys-
tem over these five days.

[0244] In addition to monitoring system performance, this
data ‘benchmarks’ a starting point that future injections of the
neutrals QCRM can be compared to. After gathering the
benchmark data, a set of specifications can be created to
monitor the system. After these specifications are created, the
QCRM can be run periodically and checked against these
specifications to determine if the system is still operating
optimally. If the neutrals QCRM falls out of specification, the
system may need to be repaired. After these repairs are com-
pleted, the neutrals QCRM can be run again and the data can
be compared to the specifications to see if the system is
working properly.

[0245] Monitoring system performance is an important
aspect of liquid chromatography that should be performed
routinely to ensure the highest quality data generated. Rou-
tinely monitoring a system with a well-characterized and
controlled standard can lead to early detection of system
problems, potentially reducing system downtime.

Example 7

LCMS Quality Control Reference Material Products

[0246] The LCMS QCRM is a 9 component mix used to
provide a comprehensive reference standard for use with
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LC/MS or MS instrumentation with a wide variety of condi-
tions and methods. The mixture has at least the following
advantages for use in LCMS quality control in that the com-
pounds in this mix give amixture of responses in ESi (+-) and
APCi+ and covers a wide range of m/z. Additionally, the
optimized concentrations of the components provide a more
equal response by component in ESI+ mode. The components
provide a separation in a range of chromatographic condi-
tions used to benchmark instrument performance.

[0247] FIG. 34A lists the individual components in the
LCMS QCRM Mix with their empirical formulas, exact mass
as both [M+H]J* and [M+H]", and their concentration for
analysis. FIG. 34B shows a TOF MS ES+Spectrum of the
LCMS QCRM standard using a methanol mobile phase with
a SYNAPT®, G2-S MS column (Waters Technologies Cor-
poration, Milford, Mass.) operated in positive ion mode in
high resolution mode.

Example 8

Quality Control Reference Material and
Benchmarking Instrument Performance

[0248] This example is to address the use of a specific type
of Reference Material called Quality Control Reference
Materials (QCRMs). The rationale for using these QCRMs is
establishing quantitative benchmarks for a particular analyti-
cal system. The proper use of these materials provides docu-
menting mechanisms to track variances of a analytical and
chromatographic system. One of the strongest tools for a
chemist is control charting. Control charting can be per-
formed using specific sets of reference materials and methods
provided herein, per instrument, to help chemists identify and
understand the significance of variances in their data. The
following important definitions surrounding “reference mate-
rials” are used in this example.

[0249] Reference Material—(RM) material, sufficiently
homogeneous and stable with reference to specified proper-
ties which have been established to be fit for its intended use
in measurement or in examination of nominal properties.
[0250] Certified Reference Material—(CRM) reference
material, accompanied by documentation issued by an
authoritative body and providing one or more specified prop-
erty values with associated uncertainties and traceability,
using valid procedures.

[0251] Quality Control Reference Material—(QCRM) ref-
erence material that is precisely formulated, accurate, consis-
tent from lot to lot, and specifically designed for instrument
performance checks including control chart analysis of chro-
matographic indicators. QCRMs may be documented as a
Certified Reference Material.

[0252] Reference Material analyses provide information
about the performance of analytical instruments. Control
charting of the data associated with Quality Control Refer-
ence Materials analyses allows for quick visibility of instru-
ment performance and prevents the use of arbitrary criteria in
determining whether or not the performance indicators are in
control. In addition to providing real-time instrument perfor-
mance data, control charting provides visibility into potential
problems and allows for proactive maintenance and the
implementation of preventive actions. One of the keys to
generating valuable control charting data is using a reference
material that is accurate, consistent from lot to lot, and appro-
priate for the analyses being conducted. The quality of the
reference material is paramount to the evaluation of the ana-
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Iytical data and the instrument performance. It is critical to
understand the uncertainty for the parameters of interest of
the reference material. This provides an understanding of
whether or not an observed variance originates from the tol-
erances of the reference material or, more often, from an
unexpected system variance. When observed system variabil-
ity welt exceeds any variation associated with the manufac-
tured reference material, investigation of the system is war-
ranted. The most powerful way to use the Quality Control
Reference Materials provided herein is analyzing them rou-
tinely on an analytical or chromatographic system and then
control charting the critical results. These current and histori-
cal data identify areas of excess variability warranting con-
cern.

[0253] The first step in establishing a control charting pro-
gram is defining the performance indicators to be tracked and
sourcing an appropriate reference standard. Using high per-
formance liquid chromatography (HPLC) as an example,
although any type of liquid chromatography can be used,
common instrument performance indicators are peak width
or peak area, retention time, and peak resolution. Each of
these parameters can be tracked and evaluated in real time by
control charting the results of the analysis of an appropriate
reference standard. In the case of retention time monitoring,
the neutrals QCRM provided herein is appropriate for most
analytical chromatographic systems using UV detection.
Establishing the frequency for reference material control
charting is a function of risk analysis and understanding the
stability of the analytical system being monitored. When
control charting identifies an out of control situation, all data
generated back to the last documented in-control point on the
control chart are in jeopardy. If many analyses have been
conducted between the two sets of reference material data, all
of that data may have to be recalculated or even invalidated,
which can be a very expensive proposition. Control charting
in analytical chemistry is a fairly easy and inexpensive pro-
cess, as compared to the destructive testing of a product in a
manufacturing environment, many labs will analyze and con-
trol chart reference standards on a daily basis (e.g., on all
working days). At a minimum, control charting should be
done after each calibration or maintenance to the instrument.
A control charting program should be established for each
instrument and set of analytical conditions. Comparing data
from multiple instruments that may have different operating
conditions and are undergoing maintenance at different times
can lead to a loss of sensitivity in the control charting process
and potential unrecognized problems. Additionally, where
multiple analysts are routinely operating an instrument it is
ideal to have a control chart for each analyst. If personnel-
specific control charts are unfeasible, it is critical to use
multiple analysts’ data to establish initial control limits.

[0254] Control charting data is generally collected in a
spreadsheet software program such as MICROSOFT®
EXCEL®. Each time the reference material is analyzed, the
data for the performance indicator(s) being tracked should be
entered into the spreadsheet along with the analysis date. FIG.
35A shows an example table of retention time data being
tracked over a period of five consecutive days at three injec-
tions per day.

[0255] Once at least seven data points have been collected,
the mean and standard deviation of the data should be calcu-
lated for each performance indicator. Using the mean and
standard deviation, warning and control limits can be calcu-
lated. The data used to initially calculate limits can be gath-
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ered over a condensed time frame to speed up the use of the
control chart, but the data should be collected over at least a
few days, and using multiple analysts unless analyst-specific
control charts will be generated.

[0256] Warning limits are generally set to the mean plus
and minus two standard deviations (UWL and LWL, respec-
tively) and control limits at the mean plus and minus three
standard deviations (UCL and LCL, respectively), however
other tolerances and variants can be used.

[0257] Using the data in FIG. 35A, the results presented in
FIG. 35B were calculated.

[0258] A graph with time as the independent variable and
instrument response as the dependent variable was created
using the data generated by the analysis. Lines indicate the
warning and control limits calculated from the data. The
control chart created using the data from this example, with
its associated limits, is shown in FIG. 35C.

[0259] Each time a new data point is added to the spread-
sheet, the graph should be updated to show its location rela-
tive to the limits. [fthe newest data point is within the warning
limits, this is an indication that the instrument is in control.
When a data point falls outside of the warning limits, but is
still within the control limits, this is an indication that the data
is beginning to trend toward being out of control. A single
data point between the warning and control limits does not
generally require corrective action, but an investigation into
possible causes should be completed. The data may be indi-
cating, for example, that the analytical column, or some other
replaceable item, is nearing the end of its useful life, and
being able to anticipate this based on the control chart data
can save time and money. If there are two consecutive points
between the warning and control limits, an investigation
should always be performed and corrective action imple-
mented. If a result falls outside of the control limits, all data
generated back to the last in-control data point needs to be
reviewed to have its validity determined and corrective action
must be implemented and verified prior to using the instru-
ment again.

[0260] As discussed herein, control charting the results of
QCRM specifically designed for the analysis of critical
instrument performance indicators allows for real-time evalu-
ation of instrument performance. By frequently monitoring
their analytical instruments in this way, labs can significantly
reduce system down time and prevent costly data errors.
Choosing an appropriate frequency, selecting a reference
material that is consistent from sample to sample and lot to
lot, and appropriate for the analysis being conducted, are all
critical aspects of a successful control charting program.

[0261] The power of using standards of known traceability
and uncertainty as part of this process allow the variations to
be documented with confidence and defensibility. When the
parameters of interest are well defined and consistent, deci-
sions to continue analysis, to review data or to abandon an
analytical run can be made quickly with supporting informa-
tion to justify the prompt decision.

[0262] This concept can be expanded beyond a single
instrument to multiple instruments in a single laboratory or to
multiple facilities so long as the same source of reference
material is used. Using single source reference materials
opens the door for making intra- and inter-laboratory data
comparisons. In today’s global manufacturing environment
these data comparisons become more important and now with
QCRM designed only for this purpose, possible.
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Example 9

Ensuring Data Quality and Facilitating Rapid System
Troubleshooting Using a QCRM

[0263] Neutrals Quality Control Reference Material
(QCRM) is a mixture of an un-retained peak and two neutral
compounds that are an ideal system reference standard. The
use of neutral compounds allow the QCRM to be unaffected
by mobile phase pH, making it compatible with buffered and
non-buffered mobile phases at both high and low pH. Thus,
the standard can be analyzed on many different LC systems,
with different column chemistries, and different mobile
phases. The highly controlled manufacturing process of the
standard ensures a high quality and reliable standard that can
be counted on to produce consistent results over time.
[0264] This example focuses on how the standard can be
used to benchmark and monitor system performance over the
life of the system. Additionally, to demonstrate the utility of
the neutrals QCRM in rapidly diagnosing problems on an L.C
system, three common chromatographic problems are exam-
ined. By using the neutrals QCRM reference standard to
benchmark system performance and to check system func-
tionality, data integrity can be monitored and the system can
be used with confidence.

[0265] Materials and Methods

[0266] An ACQUITY® UPLC H-Class column (Waters
Technologies Corporation, Milford, Mass.) was run using the
following conditions:

[0267] Mobile phase: 50:50 Acetonitrile: Water

[0268] Separation mode: Isocratic

[0269] Detection (PDA): UV 254 nm

[0270] Column: ACQUITY® UPLCBEH C182.1x50 mm
1.7 uM

[0271] Temperature: 30° C.

[0272] Needle wash: 50:50 Acetonitrile: Water

[0273] Sample purge: 50:50 Acetonitrile: Water

[0274] Seal wash: 50:50 Methanol: Water

[0275] Flow rate: 0.6 mL/min

[0276] Injection volume: 1 ul.

[0277] A vial of Waters® Neutral QC Reference Material

(PN: 166006360) was opened and transtferred into an LC6C
Certified Clear Qsert Vial (PN: 186001126C) for injection.

[0278] Results and Discussion
[0279] System Benchmarking
[0280] A system should be monitored regularly to ensure

that it is continually performing at an optimum level to gen-
erate quality data. The easiest way to evaluate system perfor-
mance is to routinely use a QCRM standard to benchmark the
system when it is performing optimally. At later dates, sub-
sequent injections of standard can be compared to the original
data to ensure that the system is still performing well. The
separation of the neutrals QCRM compounds is achieved
under common mobile phase conditions with sufficient
organic content. A chromatograph of Isocratic Separation of
the neutrals QCRM using 50% acetonitrile in water as the
mobile phase was obtained for reference and future “bench-
marking’. Exemplary chromatographs are shown in FIG. 20.
[0281] The neutrals QCRM is a valuable tool for ‘bench-
marking’ a starting point that future injections can be com-
pared to. After gathering the benchmark data, a set of speci-
fications can be created to monitor the system, The QCRM
can then be run periodically and checked against these speci-
fications to determine if the system is still operating opti-
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mally. If the neutrals QCRM falls out of specification, the
system may need to be repaired and recently collected data
may need to be evaluated.

[0282] In this application, the standard was used to bench-
mark the system performance for a period of five days (120
hours). Prior to beginning the experiment, the system was
calibrated and performance maintenance was performed to
ensure proper operation of the system. The neutrals QCRM
was injected in triplicate, three times a day for five days. A
total of 45 injections were performed over five days. Although
many parameters can be monitored, retention time, USP tail-
ing factor, USP plate count, and system pressure were
deemed most relevant for this experiment.

[0283] Exemplary trending data for the retention time of
naphthalene, acetone, and acenaphthene and for system pres-
sure over the course of system performance benchmarking
(120 hrs.) are shown in FIGS. 31 and 32.

[0284] As part of a system benchmarking process, the
operator should create appropriate specifications based on
trending data (FIGS. 31 and 32) and according to laboratory
protocols, for the system to be considered working optimally.
By creating these specifications, the system performance can
be monitored, potentially catching problems before they
arise.

[0285] Subsequent to ‘benchmarking’ the system, if any
problems arise within the system, the operator can compare
the performance after any repairs to performance before the
problem was present. In this application, three common chro-
matographic issues are examined, using the neutrals QCRM
to rapidly diagnose the problem.

[0286] System Troubleshooting

[0287] Once asystem has been ‘benchmarked’, if any prob-
lems arise within the system, the operator can compare the
performance after any repairs to performance before the prob-
lem was present. In this application, three common chromato-
graphic issues are examined, using the neutrals QCRM to
rapidly diagnose the problem.

[0288] Declining Column Performance

[0289] Over time, with repeated injections, all LC columns
will lose their efficiency and ability to separate components of
a mixture, FIG. 25B shows an exemplary chromatograph in
which the separation of the neutrals QCRM on a column that
had been excessively used is shown and compared to the
separation obtained on a column with acceptable perfor-
mance.

[0290] As FIG. 25B shows, the falling column is causing
peak splitting of both the naphthalene and acenaphthene
peaks. Monitoring USP plate count for the acenaphthene
peak, the USP plate count dropped significantly with the
falling column (FIG. 25C). After the failing column was
replaced with a new column, nine injections of the neutrals
QCRM were run. The low % RSD of the combined retention
times after column replacement, as well as the return to
‘benchmarked’ plate counts and tailing factors demonstrate
that the system is back to normal performance.

[0291] Improper Column Connections

[0292] Improperly connecting the tubing to the column can
occur when changing columns and can result in a gap between
tubing and column end fittings. This gap can affect peak
shape, potentially widening peaks, resulting in excessive
peak tailing or shouldering. Exemplary chromatographs
show the separation of the neutrals QC Reference Material on
a column with an improper connection compared to a column
that is properly connected can be seen in FIG. 28A.
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[0293] In this example, the separation of the neutrals
QCRM with the improper column connection shows only
slight changes in the separation compared to the proper col-
umn connection. The effect of improper column connections
can vary depending on the extent of the gap created. In this
case, tailing of the naphthalene peak increases slightly with
the poor tubing installation as well as the decreased retention
of the acenaphthene peak. In addition to the higher tailing of
the naphthalene peak, a drop in plate count is also observed
(FIG. 28B).

[0294] By connecting the column properly and injecting
nine injections of the standard, the system performance was
re-checked (FIG. 29B). The tailing factor plate counts
returned to the same levels as the benchmarked data, indicat-
ing that the system has returned to optimal operation.

CONCLUSIONS

[0295] A benchmarked system with operational specifica-
tions can help in the early detection of system problems,
potentially reducing system downtime, helping to prevent the
collection of inaccurate data, and helping to avoid unneces-
sary sample loss.

[0296] The highly reproducible neutrals QCRM can isolate
system problems, potentially reducing the time needed for
system troubleshooting,

[0297] A recently repaired system can be checked to ensure
optimal operation by comparing data from the separation of
the neutrals QCRM after repairs to system benchmarking
data and specifications.

[0298] From the foregoing it will be appreciated that,
although specific embodiments of the invention have been
described herein for purposes of illustration, various modifi-
cations may be made without deviating from the spirit, and
scope of the invention. Accordingly, the invention is not lim-
ited except as by the appended claims.

We claim:

1. A method for chromatographic analysis comprising:

obtaining a chromatogram from a reference material using

a chromatographic system, wherein the reference mate-
rial comprises a standardized formulation of two or
more compounds that can be used for benchmarking and
troubleshooting the chromatographic system;

evaluating a difference between the chromatogram and a

benchmark for the reference material on the chromatog-
raphy system; and

(1) analyzing a sample potentially comprising an analyte of

interest, wherein the analyte of interest does not com-
prise any of the two or more compounds of the standard-
ized formulation, or compounds substantially similar
thereto, if the difference between the chromatogram and
the benchmark is within a predetermined tolerance, or
(ii) troubleshooting the chromatography system using
the chromatogram if the difference between the chro-
matogram and the benchmark is not within the predeter-
mined tolerance.

2. The method of claim 1, wherein the standardized formu-
lation of two or more compounds comprises acetone, naph-
thalene, and acenaphthene.

3. The method of claim 2, wherein the analyte of interest
comprises a neutral compound.

4. The method of claim 1, wherein the standardized formu-
lation of two or more compounds comprises amitriptyline,
acenaphthene, naphthalene, dipropyl phthalate, butyl para-
ben, propranolol, and uracil.
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5. The method of claim 4, wherein the chromatographic
system comprises a reversed phase stationary phase.

6. The method of claim 1, wherein the standardized formu-
lation of two or more compounds comprises acetaminophen,
caffeine, sulfaguanidine, sulfadimethoxine, Val-Tyr-Val,
zerapamil, terenadine, leucine-enkephalin, and reserpine.

7. The method of claim 6, wherein the chromatographic
system comprises a liquid chromatography-mass spectros-
copy (“LC-MS”) system.

8. The method of claim 1, wherein the standardized formu-
lation of two or more compounds comprises diphenhy-
dramine, flavone, and diclofenac.

9. The method of claim 8, wherein the chromatographic
system comprises a preparative chromatography system.

10. The method of claim 1, wherein the chromatography
system comprises a liquid chromatography (“LC”), high per-
formance liquid chromatography (“HPLC”), ultra high per-
formance liquid chromatography (“UHPLC”), supercritical
fluid chromatography (“SFC”), or carbon dioxide-based
chromatography system.

11. The method of claim 1, wherein the protocol for obtain-
ing the chromatogram from the reference material is different
from the protocol for analyzing the sample.

12. The method of claim 1, wherein the system has been
calibrated using a calibrator that is different than the reference
material.

13. The method of claim 1, wherein the predetermined
tolerance is about three standard deviations.

14. A chromatographic system quality control reference
material comprising:

a standardized formulation having a predetermined con-
centration of acetone, a predetermined concentration of
naphthalene, and a predetermined concentration of
acenaphthene,

wherein the standardized formulation is adapted for bench-
marking and troubleshooting a chromatographic system
in the analysis of a sample potentially comprising an
analyte of interest, and wherein the analyte of interest
does not comprise any acetone, napthaline, acenaph-
thene, or compounds substantially similar thereto.

15. The chromatographic system quality control reference

material of claim 14, wherein:

the predetermined concentration of acetone is about 10
pul/mL;

the predetermined concentration of naphthalene is about
25 pg/ml; and

the predetermined concentration of acenaphthene is about
0.40 pg/mlL.

16. A chromatographic system quality control reference

material comprising:

a standardized formulation having a predetermined con-
centration of amitriptyline, a predetermined concentra-
tion of acenaphthene, a predetermined concentration of
naphthalene, a predetermined concentration of dipropyl
phthalate, a predetermined concentration of butyl para-
ben, a predetermined concentration of propranolol, and
a predetermined concentration of uracil,

wherein the standardized formulation is adapted for bench-
marking and troubleshooting a chromatographic system
in the analysis of a sample potentially comprising an
analyte of interest, wherein the analyte of interest does
not comprise any amitriptyline, acenaphthene, naphtha-
lene, dipropyl phthalate, butyl paraben, propranolol,
uracil, or compounds substantially similar thereto.
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17. The chromatographic system quality control reference

material of claim 16, wherein:

the predetermined concentration of amitriptyline is about
100 pg/mlL;

the predetermined concentration of acenaphthene is about
200 pg/mL;

the predetermined concentration of naphthalene is about
60 ng/ml;

the predetermined concentration of dipropyl phthalate is
about 340 pg/ml;

the predetermined concentration of butyl paraben is about
20 pg/ml;

the predetermined concentration of propranolol is about
400 pg/ml; and

the predetermined concentration of uracil is about 16

pg/ml.
18. A chromatographic system quality control reference

material comprising:

a standardized formulation having a predetermined con-
centration of acetaminophen, a predetermined concen-
tration of caffeine, a predetermined concentration of
sulfaguanidine, a predetermined concentration of sul-
fadimethoxine, a predetermined concentration of Val-
Tyr-Val, a predetermined concentration of zerapamil, a
predetermined concentration of terenadine, a predeter-
mined concentration of leucine-enkephalin, and a pre-
determined concentration of reserpine,

wherein the standardized formulation is adapted for bench-
marking and troubleshooting a chromatographic system
in the analysis of a sample potentially comprising an
analyte of interest, wherein the analyte of interest does
not comprise any acetaminophen, cafteine, sulfaguani-
dine, sulfadimethoxine, Val-Tyr-Val, zerapamil, terena-
dine, leucine-enkephalin, reserpine, or compounds sub-
stantially similar thereto.

19. The chromatographic system quality control reference

material of claim 18, wherein:

the predetermined concentration of acetaminophen is
about 10 pg/ml;
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the predetermined concentration of caffeine is about 1.5
png/ml;

the predetermined concentration of sulfaguanidine is about
5 ug/mL;

the predetermined concentration of sulfadimethoxine is
about 1 pg/ml;

the predetermined concentration of Val-Tyr-Val is about
2.5 ng/ml;

the predetermined concentration of zerapamil is about 0.2
png/ml;

the predetermined concentration of terenadine is about 0.2
png/ml;

the predetermined concentration of leucine-enkephalin is
about 2.5 pg/ml; and

the predetermined concentration of reserpine is about 0.6
ng/mlL.

20. A chromatographic system quality control reference

material comprising:

a standardized formulation having a predetermined con-
centration of diphenhydramine, a predetermined con-
centration of flavone, and a predetermined concentration
of diclofenac,

wherein the standardized formulation is adapted for bench-
marking and troubleshooting a chromatographic system
in the analysis of a sample potentially comprising an
analyte of interest, wherein the analyte of interest does
not comprise any diphenhydramine, flavone, diclofenac,
or compounds substantially similar thereto.

21. The chromatographic system quality control reference

material of claim 20, wherein:

the predetermined concentration of diphenhydramine is
about 5 mg/mL;

the predetermined concentration of flavone is about 5
mg/ml; and

the predetermined concentration of diclofenac is about 5
mg/mL.



